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ABSTRACT
A d e t a i l e d  i n v e s t i g a t i o n  was c o n d u c t e d  on t h e  s e l f - i n c o m p a t i b i l i t y  
s y s t e m  o p e r a t i n g  i n  t h e  a m p h i d i p l o i d  s p e c i e s ,  B r a s s i c a  n a p u s . Seven 
s y n t h e t i c  B. napu s  l i n e s  were  p r o d u c e d  by i n t e r c r o s s i n g  p l a n t s  o f  t h e  
p a r e n t a l  s p e c i e s  B. c a m p e s t r i s  and B. o l e r a c e a  an d  d o u b l i n g  t h e  
chromosome numbers  o f  t h e  h y b r i d s ,  so  fo r m ed .  Each o f  t h e  p a r e n t a l  
l i n e s  u s e d  i n  t h e  s y n t h e s i s  were  homozygous f o r  d i f f e r e n t  S - a l l e l e s .
B. o l e r a c e a  p a r e n t a l  l i n e s  were  homozygous f o r  S^g ,  S^^ and S^ w h i l e  
t h e  B. c a m p e s t r i s  l i n e  was homozygous  f o r  S^ and  S^.  C o n s e q u e n t l y ^ t h e  
s y n t h e t i c  l i n e s  o f  B. n ap u s  we re  homozygous  f o r  d i f f e r e n t  a l l e l e s  a t  
 ^ e a c h  o f  t w o . S - l o c i .  F o l l o w i n g  s y n t h e s i s ,  S - a l l e l e  a c t i v i t y  and 
e x p r e s s i o n  was exa mined i n  t h e  s y n t h e t i c s  and t h e i r  F ^ ' s  and F ^ ' s ,  
u s i n g  g e n e t i c a l  an d  b i o c h e m i c a l  m e th o d s .  I n  a d d i t i o n ,  a s t u d y  o f  
i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  b e tw e en  B. napus  an d  B. o l e r a c e a  was 
c o n d u c t e d .
I t  was e s t a b l i s h e d  t h a t  t h e  p r o d u c t i o n  o f  s y n t h e t i c  B. napus  by 
o v a r y  c u l t u r e  i n  B. c a m p e s t r i s  was more s u c c e s s f u l  t h a n  p r o d u c t i o n  
u s i n g  embryo c u l t u r e  i n  B. o l e r a c e a . A m p h i d i p lo i d  B. n ap u s  p l a n t s  
p ro d u c e d  f rom F^  ^ h y b r i d s  by chromosome d o u b l i n g  were  e a s i l y  
i d e n t i f i e d ,  e x h i b i t i n g  a t y p i c a l  B. napus  m orp h o lo g y ,  p r o d u c i n g  
f e r t i l e  buds  and r e f l e c t i n g  B. c a m p e s t r i s  and  B. o l e r a c e a  i so zy m e  
b a n d i n g  p a t t e r n s .
S y n t h e t i c  B. n a p u s  p l a n t s  were  g e n e r a l l y  s e l f - i n c o m p a t i b l e  and  t h e  
s e l f - i n c o m p a t i b i l i t y  a l l e l e s  o f  b o t h  B. o l e r a c e a  and B. c a m p e s t r i s  
were  e x p r e s s e d  and showed i n t e r l o c u s  e p i s t a s i s  s i m i l a r  t o  t h a t  found  
i n  a s i n g l e  l o c u s  s p o r o p h y t i c  s y s t e m .  S e v e r a l  F^ l i n e s  p ro d u c e d  f rom 
c r o s s e s  b e tw e en  B. n ap u s  s y n t h e t i c s  e x p r e s s e d  o n l y  3 a l l e l e s  i n  a n y  4
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S - a l l e l e  c o m b i n a t i o n ,  and t h i s  e x p r e s s i o n  o c c u r r e d  o n l y  i n  t h e  
p i s t i l s .  The B. c a m p e s t r i s  a l l e l e s  we re  f u n c t i o n a l  i n  s t i g m a s  b u t  
n o t  i n  t h e  p o l l e n ,  s how ing  t h a t  a l l e l e  a c t i v i t y  i n  F,  ^ p o l l e n  would  
a p p e a r  t o  be e q u i v a l e n t  t o  t h a t  o f  a s i n g l e  l o c u s  s y s t e m .
I n  t h e  Fg g e n e r a t i o n , a l l  4 S - a l l e l e s  were  a c t i v e  i n  a g i v e n  
g e n o t y p e  an d  i t  was e s t a b l i s h e d ,  t h e r e f o r e ,  t h a t  h i d d e n  S - l o c i  c o u l d  
p e r s i s t  i n  a s p e c i e s  w i t h  a s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m  i f  
a l l e l e s  were  p a r t i a l l y  o r  c o m p l e t e l y  r e c e s s i v e .
T e s t  c r o s s e s  be tw e en  B. c a m p e s t r i s , B. o l e r a c e a  and B. napus  
showed t h a t  p o l l e n  f rom B. o l e r a c e a  u s u a l l y  f a i l e d  t o  p e n e t r a t e  t h e  
s t i g m a t i c  s u r f a c e  o f  B. n a p u s , d e s p i t e  a l l  o t h e r  c o m b i n a t i o n s  o f  
j. i n t e r s p e c i f i c  c r o s s e s  b e i n g  c o m p a t i b l e .  I t  was found  t h a t  t h i s
i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  c o u l d  be overcome by bud p o l l i n a t i o n s  o r  
by t r e a t m e n t  w i t h  c y c l o h e x i m i d e .
B i o c h e m i c a l  s t u d i e s  showed t h a t  s t i g m a - s p e c i f i c  p r o t e i n s , r e s o l v e d  
by i s o e l e c t r i c f o c u s i n g , c o r r e l a t e d  w i t h  some S - a l l e l e  e x p r e s s i o n  and 
c o u l d  be d e t e c t e d  i n  s y n t h e t i c  B. n a p u s . However,  s t i g m a - s p e c i f i c  
p r o t e i n s ,  wh ich  c o r r e l a t e d  w i t h  t h e  p r e s e n c e  o f  t h e  and a l l e l e s ,  
we re  d e t e c t e d  i n  s t i g m a s  o f  F^ p l a n t s  ev e n  when t h e y  were  n o t  a c t i v e ,  
i n d i c a t i n g  t h a t  S - p r o t e i n  e x p r e s s i o n  i s  n o t  c o r r e l a t e d  w i t h  t h e  f u l l  
f u n c t i o n  o f  s e l f - i n c o m p a t i b i l i t y  a l l e l e s .





1. 1 .  INTRODUCTION
1 . 1 . 1 .  B ackground  t o  s e l f - i n c o m p a t i b i l i t y  s y s t e m s  i n  p l a n t s
G e n e r a l  r e v i e w s  o f  t h e  l i t e r a t u r e  on s e l f - i n c o m p a t i b i l i t y  s y s t e m s  i n  
p l a n t s  have bee n  w r i t t e n  by Lewis  ( 1 9 5 4 ) ,  A ra s u  ( 1 9 6 8 ) ,  L i n s k e n s  &
Kroh ( 1967) ,  Townsend (1 97 1)  an d  de N e t t e n c o u r t  . (1977)•  More 
s p e c i a l i s e d  r e v i e w s  on s p e c i f i c  a s p e c t s  o f  t h e  s y s t e m s  a r e  a l s o  
a v a i l a b l e ;  L u n d q v i s t  (1 965)  on g e n e t i c  a s p e c t s ,  L i n s k e n s  (1 965)  on 
b i o c h e m i c a l  a s p e c t s  and Crowe (1 95 5)  on e v o l u t i o n a r y  a s p e c t s .  I n  t h i s  
r e v i e w  I  w i l l  e m p h a s i s e  t h e  s t u d i e s  wh ich  have had p a r t i c u l a r  
s i g n i f i c a n c e  t o  t h e  d e v e lo p m e n t  o f  o u r  u n d e r s t a n d i n g  o f  t h e  g e n e t i c s  
o f  s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m s  ( p a r t i c u l a r l y  t h o s e  
i n v o l v i n g  C r u c i f e r a e )  a n d  t h e  mechanism o f  s e l f - i n c o m p a t i b i l i t y .
K o l r e u t e r  (1 76 4)  was t h e  f i r s t  t o  r e c o g n i s e  t h a t  s e l f ­
f e r t i l i s a t i o n  i s  n o t  common among f l o w e r i n g  p l a n t s .  He p o i n t e d  o u t  
t h a t  many s p e c i e s  p o s s e s s  mechan isms  t h a t  p r e v e n t  s e l f - f e r t i l i s a t i o n  
such  a s  s e p a r a t i o n  o f  t h e  p o l l e n  p r o d u c t i o n  and  p i s t i l  r e c e p t i v i t y  i n  
t i m e ,  so  t h a t  few s e e d s  p r o d u c e d  u n d e r  n a t u r a l  c o n d i t i o n s  a r e  p r o d u c t s  
o f  s e l f - f e r t i l i s a t i o n .  For  many y e a r s  t h e  f a i l u r e  t o  p r o d u c e  s e e d  on 
s e l f i n g  was t e rm e d  s e l f - s t e r i l i t y .  Darwin (1 8 6 2 )  s u g g e s t e d  t h a t  many 
f e a t u r e s  o f  o r c h i d  f l o w e r s  a c t  a s  d e v i c e s  t o  r e d u c e  o r  p r e v e n t  s e l f ­
f e r t i l i s a t i o n  t h u s  e n a b l i n g  p l a n t s  t o  a v o i d  t h e  e f f e c t  o f  i n b r e e d i n g  
d e p r e s s i o n .  P r e v e n t i o n  o f  i n b r e e d i n g  d e p r e s s i o n  was c o n s i d e r e d  by 
Darwin a s  t h e  main r e a s o n  why p l a n t s  had e v o l v e d  mechan isms to  p r e v e n t  4
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s e l f i n g .  He p o i n t e d  o u t  t h a t  t h e  d i f f e r e n t  f l o w e r  fo rm s  found  i n  
P r i m u l a  and O x a l i s , and t h e  p a r t i a l  s e l f - i n c o m p a t i b i l i t y  which he 
d e t e c t e d  i n  B r a s s i c a  o l e r a c e a , were  mechanisms t h a t  p ro m o ted  
o u t c r o s s i n g  and p r e v e n t e d  t h e  a d v e r s e  e f f e c t s  o f  i n b r e e d i n g .
Darwin ( 1876)  was f i r s t  t o  s t u d y  s e l f - i n c o m p a t i b i l i t y  i n  t h e  
C r u c i f e r a e  i n  a n y  d e t a i l .  He found  t h a t  B r a s s i c a  o l e r a c e a  was 
p a r t i a l l y  s e l f - i n c o m p a t i b l e ,  s e t t i n g  a b o u t  f o u r  t i m e s  a s  much s e e d  on 
o u t c r o s s i n g  a s  on s e l f i n g .  Raphanus  s a t i v u s  was s l i g h t l y  l e s s  s e l f ­
c o m p a t i b l e  t h a n  B. o l e r a c e a  w h i l e  I b e r i s  u m b e l l a t a  was s e l f - f e r t i l e .
He f u r t h e r  showed t h a t ,  i n  s p e c i e s  where s e l f - s t e r i l i t y  was p r e s e n t ,  
s e l f - s t e r i l e  i n d i v i d u a l s  c o u l d  be s u c c e s s f u l l y  f e r t i l i s e d  u s i n g  p o l l e n  
 ^ f rom o t h e r  p l a n t s  o f  t h e  same s p e c i e s .  J o s t  (1907)  d e m o n s t r a t e d  t h a t  
i n  s e l f - s t e r i l e  p l a n t s ,  s e l f - p o l l e n  t u b e s  showed l i m i t e d  g ro w th  
w h e r e a s  c r o s s  p o l l e n  q u i c k l y  d e v e l o p e d  t u b e s  o f  t h e  n e c e s s a r y  l e n g t h  
f o r  f e r t i l i s a t i o n .  From h i s  r e s u l t s ,  J o s t  p r o p o s e d  t h a t  e a ch  s e l f -  
s t e r i l e  p l a n t  c o n t a i n s  i t s  own ' i n d i v i d u a l s t o f f e ' which s t i m u l a t e s  t h e  
p o l l e n  o f  o t h e r  p l a n t s ,  b u t  n o t  i t s  own p o l l e n .
F o l l o w i n g  t h e  e s t a b l i s h m e n t  t h a t  s e l f - s t e r i l i t y  was common i n  
p l a n t s ,  C o r r e n s  (1 912)  was f i r s t  t o  a t t e m p t  t o  d e t e r m i n e  i t s  g e n e t i c  
c o n t r o l  u s i n g  t h e  homomorphic  s p e c i e s ,  Cardamine p r a t e n s i s . However ,
h i s  i n t e r p r e t a t i o n  d i d  n o t  e x p l a i n  a l l  t h e  r e s u l t s  o b t a i n e d  f rom S
dc r o s s e s  he made b e tw e en  s i b s ,  and he b e l i e v e d  t h a t  t h e  d e v i a t i o n s  -'i
f ou nd  were  due t o  o t h e r  f a c t o r s .  Compton (1913 )  r e g a r d e d  s e l f ­
f e r t i l i t y  i n  Reseda o d o r a t a  t o  be due t o  a f a c t o r  sh o w in g  s i m p l e  
M en d e l i a n  dom inance t o  s e l f - s t e r i l i t y .  He a g r e e d  w i t h  J o s t ’ s 
i n t e r p r e t a t i o n  o f  an  i n d i v i d u a l  s u b s t a n c e  i n  e a c h  p l a n t  t h a t  
s t i m u l a t e s  t h e  p o l l e n  o f  o t h e r  p l a n t s  and drew a t t e n t i o n  t o  t h e
2  -
s i m i l a r i t y  o f  s e l f - s t e r i l i t y  t o  im muni ty .  E a s t  (1 915)  c r o s s e d  s e l f -  
s t e r i l e  N i c o t i a n a  f o r g e t i a n a  and N. a l a t a  p l a n t s  t o  p r o d u c e  t h e  ,
F^,  F and F^  ^ g e n e r a t i o n s ,  and t e s t e d  a l a r g e  number o f  c r o s s e s ,  t h e  
r e s u l t s  o f  which d i s a g r e e d  w i t h  t h e  s i m p l e  M e n d e l i a n  dominance t h e o r y  
a d v a n ced  by C o r r e n s  and Compton.  E a s t  p u t  f o r w a r d  t h e  h y p o t h e s i s  t h a t  
a h e x o s e  s u g a r  i n  t h e  s t y l e  was a p o l l e n  s t i m u l a t o r  and t h a t  p o l l e n  
c o n t a i n e d  an  enzyme w hi ch  a c t e d  on t h i s  s u g a r  and w hi ch  d i f f e r e d  
s l i g h t l y  f rom p l a n t  t o  p l a n t .  He s u g g e s t e d  t h a t  t h i s  h y p o t h e s i s  c o u l d  
be l i n k e d  t o  J o s t ' s  s i n g l e  d i r e c t  s t i m u l u s  and t h e  need  o f  
' i n d i v i d u a l s t o f f e ’ .
The f i r s t  d e t a i l e d  s t u d i e s  on s e l f - i n c o m p a t i b i l i t y  i n  C r u c i f e r s  
r e l a t e d  t o  B r a s s i c a c e a  were  c a r r i e d  o u t  by S t o u t  (1917)  who p u t  
f o r w a r d  t h e  word ' i n c o m p a t i b i l i t y ’ . He foun d ( S t o u t ,  1920) t h a t  
Raphanus  s a t i v u s  was s e l f - i n c o m p a t i b l e .  S t o u t  ( 1 9 2 2 ,  1927) l a t e r  
d e s c r i b e d  t h r e e  t y p e s  o f  s t e r i l i t y  i n  B r a s s i c a  p e k i n e n s i s  and  
B. c h i n e n s i s : f l o w e r  a b o r t i o n  and a r r e s t e d  d e v e l o p m e n t ,  p r o l i f e r a t i o n  
w i t h  t h e  d e s t r u c t i o n  o f  t h e  p i s t i l  by v e g e t a t i v e  g r o w t h ,  and 
p h y s i o l o g i c a l  i n c o m p a t i b i l i t y .  I n  r e g a r d  to  t h e  l a t t e r ,  he a ssumed  
t h a t  s e l f - p o l l e n  t u b e s  s e c r e t e d  an  a n t i g e n  which s t i m u l a t e d  t h e  s t y l e  
t o  p r o d u c e  a n t i b o d i e s  and t h a t  t h e s e  p r e v e n t e d  f u r t h e r  t u b e  g r o w t h .
I n  1925 E a s t  an d  M a n g e l s d o r f  p r o p o s e d  an  o p p o s i t i o n a l  f a c t o r  
h y p o t h e s i s  t o  e x p l a i n  s e l f - i n c o m p a t i b i l i t y  w i t h i n  N i c o t i a n a  s u n d e r a e . 
T h i s  h y p o t h e s i s  p r o p o s e d  t h a t  a  s e r i e s  o f  m u l t i p l e  a l l e l e s  was 
c o n t r o l l e d  by a s i n g l e  l o c u s .  I n  t h e  s t y l e  o f  a s e l f - i n c o m p a t i b l e  
p l a n t  two a l l e l e s  we re  a c t i v e  and p o l l e n  was o n l y  s t i m u l a t e d  t o  grow 
i f  i t  c o n t a i n e d  an  a l l e l e  d i f f e r e n t  f rom t h a t  i n  t h e  s t y l e .  An 
i n t e r e s t i n g  f i n d i n g  by E a s t  (1 923)  was t h a t  i n  s e l f - i n c o m p a t i b l e  
N i c o t i a n a , v e r y  young buds  would  s e t  s e e d s  when p o l l i n a t e d  w i t h  s e l f
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p o l l e n .  P e a r s o n  (1 9 2 9 ,  1932) a l s o  showed bud s e l f - c o m p a t i b i l i t y  t o
o c c u r  i n  B. o l e r a c e a  w i t h  y o u n g e r  buds  p r o d u c i n g  much h i g h e r  s e e d  s e t  ?
?
t h a n  m&ture f l o w e r s .  P e a r s o n  s u g g e s t e d  t h a t  m a t u r e  o v u l e s  d i e d  b e f o r e  
t h e  spe rm n u c l e i  r e a c h e d  them w h i l s t  i n  b u d s ,  f e r t i l i s a t i o n  o c c u r s .
I n  c o n t r a s t .  E a s t  (1 923)  c o n s i d e r e d  t h a t  i n  N i c o t i a n a  t h e  
c o m p a t i b i l i t y  b a r r i e r  d e v e l o p e d  o n l y  a day o r  so  b e f o r e  buds  o p e n e d .
A d e t a i l e d  a c c o u n t  o f  i n c o m p a t i b i l i t y  i n  B. o l e r a c e a  was g i v e n  by -t
K a k i z a k i  ( 1 9 3 0 ) .  He p r o p o s e d  two s e r i e s  o f  a l l e l e s ;  one  o p p o s i t i o n a l  
and t h e  o t h e r  s y m p a t h e t i c  w i t h  t h e  o p p o s i t i o n a l  s e r i e s  b e i n g  e p i s t a t i c  
to  t h e  s y m p a t h e t i c  s e t .  He a l s o  s u g g e s t e d  t h a t  i n h i b i t i n g  s u b s t a n c e s  
were  p r o d u c e d  mos t  a b u n d a n t l y  when t h e  p i s t i l  was i n  i t s  ' f u l l  
v i g o u r ' .  He found  t h a t  bud p o l l i n a t i o n s  showed h i g h  l e v e l s  o f  
p s e u d o c o m p a t i b i l i t y ,  and a ssum ed  t h a t  t h i s  was due t o  b o t h  
i n s u f f i c i e n t  i n h i b i t o r y  a c t i o n  i n  im matu re  s t y l e s  and t o  t h e  l o n g e r
t im e  a v a i l a b l e  f o r  p o l l e n  t u b e  g ro w th  a s  w e l l  a s  s h o r t e r  d i s t a n c e  t o  
be t r a v e r s e d .
S t o u t  ( 1931) r e p o r t e d  t h a t  s e l f - i n c o m p a t i b i l i t y  i n  B. p e k i n e n s i s  
i n v o l v e d  p o w e r f u l  i n h i b i t i o n  o f  p o l l e n  g e r m i n a t i o n  an d  t u b e  g ro w th  on 
t h e  s t i g m a .  I n  i n c o m p a t i b l e  c r o s s e s , h e  found  t h a t  t h e r e  was a l o w e r  
p e r c e n t a g e  o f  g e r m i n a t e d  g r a i n s  t h a n  i n  c o m p a t i b l e  c r o s s e s  and t h a t  
g r a i n s  grew a r o u n d  t h e  s t i g m a t i c  p a p i l l a e  r a t h e r  t h a n  g r o w i n g  s t r a i g h t  
i n t o  t h e  s t i g m a .  He p u t  f o r w a r d  t h e  t h e o r y  t h a t  s e l f - s t e r i l i t y  and 
i n c o m p a t i b i l i t y  a r e  n o t  t o  be  c o n s i d e r e d  a s  s t r i c t l y  c o n t r a s t e d  
c h a r a c t e r s .  He a g r e e d  w i t h  K a k i z a k i ' s  i n t e r p r e t a t i o n  o f  
i n c o m p a t i b i l i t y  t h a t  o p p o s i t i o n a l  f a c t o r s  were  i n v o l v e d  when t h e  s t y l e  
and p o l l e n  were  o f  s i m i l a r  g e n e t i c  c o m p o s i t i o n .
I t  was e s t a b l i s h e d  by S e a r s  (1 937)  t h a t  c o m p a t i b l e  p o l l i n a t i o n s  i n
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B. o l e r a c e a  v a r .  i t a l l c a  o c c u r r e d  i f  p a r t  o r  a i l  o f  the  s t igm a  was
removed.  He p r o p o s e d  t h a t  two s e r i e s  o f  o p p o s i t i o n a l  f a c t o r s  o f  
v a r y i n g  i n h i b i t o r y  p o t e n c y  were  p r e s e n t  i n  t h e  s p e c i e s  and  t h a t  
g e r m i n a t i o n  o f  p o l l e n  d i d  n o t  depe nd on a s p e c i f i c  s t i m u l a t i n g  
s u b s t a n c e -  R a t h e r  t h e  s t i g m a  p o s s e s s e d  o r  p r o d u c e d  s u b s t a n c e s  which 
a c t i v e l y  i n h i b i t e d  p o l l e n .  He s u g g e s t e d  t h a t  one  c o u l d  r e c o g n i s e  3 
d i f f e r e n t  t y p e s  o f  i n c o m p a t i b i l i t y  r e s p o n s e  d e p e n d i n g  on t h e  s i t e  a t  
which male  f a i l u r e  o c c u r s :  p o l l e n  g e r m i n a t i o n  d o e s  n o t  o c c u r  o r  o n l y
s h o r t  t u b e s  a r e  p r o d u c e d  ( e g  B. o l e r a c e a  v a r  i t a l i c s ) ,  t u b e  g ro w th  
s t o p s  s h o r t l y  below t h e  s t i g m a  b u t  some t u b e s  grow n e a r l y  t o  t h e  
b o t to m  o f  t h e  s t y l e  ( e g  P e t u n i a  v i o l a c e a ) ,  i n c o m p a t i b l e  t u b e s  grow a s  
f a s t  a s  c o m p a t i b l e  o n e s  and a p p e a r  t o  a f f e c t  f e r t i l i s a t i o n .  T a t e b e  
( 1939) r e p e a t e d  some o f  S e a r s ’ work and c o n f i r m e d  t h a t  r em o v a l  o f  h a l f  
o r  a l l  o f  t h e  s t i g m a  r e s u l t e d  i n  s e e d  s e t .
A m a jo r  a d v a n c e  i n  r e s o l v i n g  t h e  g e n e t i c s  o f  s p e c i e s  w i t h  
s p o r o p h y t i c  i n c o m p a t i b i l i t y  s y s t e m  was made by Hughes  & Bab cock  (1 950)  
who d e s c r i b e d  a n o v e l  t y p e  o f  i n c o m p a t i b i l i t y  i n  t h e  c o m p o s i t e  
C r e p i s  f o e t i d a . They p r o p o s e d  t h a t  t h e r e  was a s i n g l e  i n c o m p a t i b i l i t y  
gene w i t h  m u l t i p l e  a l l e l e s  w hi ch  a c t e d  i n d i v i d u a l l y  i n  t h e  s t y l e s ,  a s  
i n  N i c o t i a n a , b u t  t h a t  t h e  b e h a v i o u r  o f  t h e  p o l l e n  was d e t e r m i n e d  by 
t h e  s p o r o p h y t e  and t h a t  t h e  a l l e l e s  e x h i b i t e d  d o m i n a n t  r e l a t i o n s h i p s .
Crowe (1 95 4)  found  t h a t  s e l f - i n c o m p a t i b i l i t y  i n  Cosmos b i p i n n a t u s  
c l o s e l y  r e s e m b l e d  t h a t  d e s c r i b e d  by Hughes & Babcoc k  ( ob.  c i t ) and 
i n v o l v e d  a s i n g l e  i n c o m p a t i b i l i t y  l o c u s  w i t h  m u l t i p l e  a l l e l e s  s how ing  
s p o r o p h y t i c  a c t i o n  i n  p o l l e n .  She a l s o  fou nd  t h a t  t h e  S - a l l e l e s  
showed do minance o r  i n d i v i d u a l  a c t i o n  i n  b o t h  p o l l e n  and  s t y l e .
Bateman (1954)  r e p o r t e d  t h a t  a s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m  
a l s o  o p e r a t e d  i n  t h e  C r u c i f e r ,  I b e r i s  amara and t h a t  t h e  two a l l e l e s
-  5 -
o f  a h e t e r o z y g o t e  may a c t  i n d e p e n d e n t l y  o r  show d o m i n a n c e / r e c e s s i v e  
r e l a t i o n s h i p s .  Bateman e s t i m a t e d  t h a t  t h e  number o f  ' s e l f ­
i n c o m p a t i b l e '  a l l e l e s  i n  I .  am ara  was p r o b a b l y  g r e a t e r  t h a n  22 and 
t h a t  t h e s e  c o u l d  be  a r r a n g e d  i n  a l i n e a r  o r d e r  o f  d o m in an ce .  Sampson 
( 1957) an d  Thompson (1 9 5 7 )  l a t e r  showed t h a t  a s p o r o p h y t i c  s y s t e m  o f  
s e l f - i n c o m p a t i b i l i t y  was a l s o  p r e s e n t  i n  Raphanus  s a t i v u s  and 
B. o l e r a c e a  r e s p e c t i v e l y .  The p r e s e n c e  o f  t h i s  fo rm  o f  s y s t e m  i n  
B. o l e r a c e a  h a s  s i n c e  been  c o n f i r m e d  by numerous  w o r k e r s  u s i n g  a 
v a r i e t y  o f  d i f f e r e n t  c u l t i v a r s .  (O d la n d ,  1962;  Adamson, 1965; H a r u t a , 
1966 ; H o s e r - k r a u z e , 1971) .
f- 1 - 1 - 2 .  The g e n e t i c s  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m
S e l f - i n c o m p a t i b i l i t y  s y s t e m s  ca n  be d i v i d e d  i n t o  h e t e r o m o r p h i c  o r
> horraomorphic g a r a e t o p h y t i c  an d  homomorphic s p o r o p h y t i c  s y s t e m s  ( L e w i s ,  
1954) .  H e t e r o m o r p h i c  s y s t e m s  a r e  t h o s e  a s s o c i a t e d  w i t h  d i f f e r e n t  
f l o r a l  m o r p h o l o g i e s  w h ich  a c t  t o  r e i n f o r c e  c r o s s  p o l l i n a t i o n .  
Homomorphic i n c o m p a t i b i l i t y  s y s t e m s  a r e  c h a r a c t e r i s e d  by t h e  a b s e n c e  
o f  m o r p h o l o g i c a l  d i f f e r e n c e s  b e tw e en  t h e  m a t i n g  t y p e s .  I n  t h e  
g a m e t o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m  t h e  p h e n o t y p e  o f  t h e  p o l l e n  
i s  d e t e r m i n e d  by t h e  i n d i v i d u a l  m i c r o s p o r e ,  w h i l e  i n  s p o r o p h y t i c  
s y s t e m s  i t  i s  d e t e r m i n e d  by t h e  g e n o t y p e  o f  t h e  p o l l e n  p r o d u c i n g  ' 
p l a n t .  S p o r o p h y t i c  s y s t e m s  a r e  common i n  t h e  C r u c i f e r a e ,  C o m p o s i t a e  
and  R u b i a c e a e .  A c e n t r a l  f e a t u r e  o f  t h e  s p o r o p h y t i c  s y s t e m  i s  t h a t  
t h e  e x p r e s s i o n  o f  t h e  s e l f - i n c o m p a t i b l e  gene i n  p o l l e n  must  be 
p r e m e i o t i c .  Thompson & T a y l o r  (1 966)  and  Van Ha l  (1 9 6 8 ,  u n p u b l i s h e d )  
have c a r r i e d  o u t  d e t a i l e d  s u r v e y s  o f  S - a l l e l e  a c t i v i t i e s  i n
-  6
B. o l e r a c e a  and t h e  i n t e r - r e l a t i o n s h i p s  be tw e en  d i f f e r e n t  S - a l l e l e s  
show ing  t h a t  n o n - l i n e a r  do minance r e l a t i o n s h i p s  a r e  common.
I n  a s p o r o p h y t i c  s y s t e m  t h e  two d i f f e r e n t  S - a l l e l e s  i n  a
,■ *
h e t e r o z y g o t e  may e i t h e r  b o t h  be a c t i v e  o r  one may be d o m i n a n t  o v e r  t h e  
o t h e r .  The i n t e r a c t i o n  b e tw e en  two a l l e l e s  may d i f f e r  i n  p o l l e n  and 
s t i g m a .  Dominance i s  more common i n  t h e  p o l l e n  and a l l  p o s s i b l e  
a l l e l e  r e l a t i o n s h i p s  have  been  d e s c r i b e d ,  i . e .  dominance  o f  one  a l l e l e  
t o  a n o t h e r  i n  t h e  p o l l e n ,  i n d e p e n d e n c e  i n  t h e  s t y l e ;  dom inance i n  t h e  
s t y l e ,  i n d e p e n d e n c e  i n  t h e  p o l l e n ;  i n d e p e n d e n c e  i n  b o t h  p o l l e n  and 
s t y l e ;  dom inance i n  b o t h  p o l l e n  a n d  s t y l e .  Van Hal  (1 968 ,  
u n p u b l i s h e d )  h a s  foun d  some i n c o m p l e t e  do minance s i t u a t i o n s  i n  wh ich  
t h e  a c t i v i t y  o f  b o t h  a l l e l e s  i n  c e r t a i n  c o m b i n a t i o n s  i s  r e d u c e d .  
Thompson & T a y l o r  (1 966)  an d  Thompson (1968)  c l a s s i f i e d  t h e  known S -  
a l l e l e s  i n t o  g r o u p s  i n  w hich  a l l  t h e  a l l e l e s  have  common 
c h a r a c t e r i s t i c s ,  b u t  t h e s e  c l a s s i f i c a t i o n s  have o n l y  been  m o d e r a t e l y  
s u c c e s s f u l .  Thompson (1968)  a n a l y s e d  some 170 c o m b i n a t i o n s  i n v o l v i n g  
28 d i f f e r e n t  S - a l l e l e s  i n  B. o l e r a c e a  v a r  a c e p h a l a  an d  fou nd  t h a t  23 
S - a l l e l e s  showed a c t i v i t y  o r  c o - d o m in a n ce  o f  b o t h  S - a l l e l e s  i n  t h e  
p o l l e n .  However,  i n  t h e  s t i g m a  t h e  r e l a t i o n s h i p s  were  d i f f e r e n t .  The 
p o l l e n  r e c e s s i v e  a l l e l e s  w e r e  s o m et im es  r e c e s s i v e  i n  t h e  s t i g m a  i n  
c o m b i n a t i o n  w i t h  t h e  o t h e r  a l l e l e s .  However ,  no dom inance o c c u r r e d  i n  
a h i g h  p r o p o r t i o n  o f  c o m b i n a t i o n s  and a l i n e a r  dominance  r e l a t i o n s h i p  
bet w een  r e c e s s i v e  S - a l l e l e s  was n o t  f o u n d .  I t  was a l s o  n o t e d  by 
Thompson t h a t  p l a n t s  homozygous  f o r  r e c e s s i v e  S - a l l e l e s  t e n d e d  t o  be  
s e l f - i n c o m p a t i b l e .  Ockendon (1 9 7 4 ,  1980) e x t e n d e d  t h e  S - a l l e l e  
a n a l y s i s  i n i t i a t e d  by Thompson and  he  found a t o t a l  o f  19 S - a l l e l e s  i n  
B r u s s e l s  s p r o u t s ,  12 o f  w hi ch  had been  p r e v i o u s l y  found  i n  k a l e .
I t  h a s  be e n  r e p o r t e d  by Odland  (1 962)  t h a t  t h e  a c t i v i t y  o f  S -
-  7 -
a l l e l e s  i s  c o r r e l a t e d  w i t h  dominance i n  B. o l e r a c e a , w i t h  a l l e l e s  h i g h  
i n  t h e  dominance  s e r i e s  more a c t i v e  t h a n  t h o s e  low i n  t h e  s e r i e s .  
W a l l a c e  (1979)  h a s  d e t e r m i n e d  S - a l l e l e  a c t i v i t y  i n  b o t h  p o l l e n  and 
s t i g m a  u s i n g  p o l l e n  t u b e  p e n e t r a t i o n  and s e e d  s e t  d a t a  f rom r e c i p r o c a l  
c r o s s e s  b e tw e e n  S - a l l e l e  h e t e r o z y g o t e s  and t h e i r  c o r r e s p o n d i n g  S -  
a l l e l e  h o m o z y g o te s .  He showed t h a t  w i t h i n  S - a l l e l e  h e t e r o z y g o t e s  ea c h  
p a i r  o f  S - a l l e l e s  had a  s p e c i f i c  i n t e r a c t i o n  i n  t h e  p o l l e n  an d  t h e  
same o r  a n o t h e r  i n  t h e  s t i g m a  an d  c o n f i r m e d  t h a t  p o l l e n  t u b e  
p e n e t r a t i o n  i n t o  t h e  s t y l e  was h i g h l y  c o r r e l a t e d  w i t h  s e e d  s e t .  I n  
B. c a m p e s t r i s  R i c h a r d s  & T h u r l i n g  (1973)  have  shown t h a t  s e l f ­
i n c o m p a t i b i l i t y  i s  a l s o  d e t e r m i n e d  by a  s i n g l e  l o c u s  r a u l t i a l l e l i c  
 ^ s p o r o p h y t i c  s y s t e m ,  an d  t h a t  a l l e l e  co - d o m in a n c e  i s  more f r e q u e n t  i n  
t h e  s t i g m a  t h a n  p o l l e n .
D e s p i t e  t h e  g e n e r a l  a c c e p t a n c e  o f  t h e  p r e s e n c e  i n  d i p l o i d  B r a s s i c a  
s p e c i e s  o f  a s i n g l e  l o c u s  s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m ,  
an om alous  r e s u l t s  have  been  r e p o r t e d  on o c c a s i o n  and Z u b e r i  e t  a l . 
( 1981) have c o n s i d e r e d  t h a t  a s ec o n d  gene  I  m ig h t  a l s o  be i n v o l v e d  i n  
t h e  c o n t r o l  o f  s e l f - i n c o m p a t i b i l i t y  i n  B. c a m p e s t r i s . Most  r e c e n t l y ,  
Lewis  e t  a l . (1988)  an d  Z u b e r i  & Lewis  (1988)  hav e s u g g e s t e d  t h a t  i n  
Raphanus  s a t i v u s  an d  B. c a m p e s t r i s  t h e r e  i s  an  a d d i t i o n a l  g e n e ,  G, 
wh ich  i s  a c t i v e  o n l y  i n  c e r t a i n  l i m i t e d  S - a l l e l i c  c o m b i n a t i o n s .
1. 1 .3  Morphology  an d  p h y s i o l o g y  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m
With  v e r y  few e x c e p t i o n s  ( s e e  L a w ren c e ,  1975; K n i g h t  & R o d g e r s ,  1 9 5 5 ) ,  
t h e  i n c o m p a t i b i l i t y  r e a c t i o n  i n  s p o r o p h y t i c  s p e c i e s  m o s t l y  o c c u r s  a t  
t h e  s t i g m a  s u r f a c e  w h i l s t  i n  s p e c i e s  sh ow ing  g a m e t o p h y t i c  s e l f -
_  9 -
'   '
H't
i n c o m p a t i b i l i t y  i n h i b i t i o n  o f  p o l l e n  t u b e  grow th  o c c u r s  i n  t h e  s t y l a r
r e g i o n .  As m e n t i o n e d  e a r l i e r ,  many w o r k e r s  have shown t h a t
i n c o m p a t i b i l i t y  i n  B r a s s i c a  s p e c i e s  i s  a s t i g m a  s u r f a c e  r e a c t i o n  
. *
( S t o u t ,  1931;  K a k i z a k i , 1930;  T a t e b e ,  1939; Kroh,  195 6 ) .
I n  Cardamine p r a t e n s i s  i t  was s u g g e s t e d  ( C h r i s t ,  1959) t h a t  t h e
c u t i c l e  i s  t h e  i n c o m p a t i b i l i t y  b a r r i e r  and l a t e r  Kroh (1 96 4)  showed 
t h a t  i n  t h e  C r u c i f e r a e ,  i n c o m p a t i b l e  p o l l e n  t u b e s  f a i l  t o  p e n e t r a t e  
t h e  c u t i c l e .  Ockendon (1 972)  h a s  u s e d  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  t o  
c o n f i r m  t h a t  i n  B. o l e r a c e a  s e l f  p o l l e n  t u b e s  a r e  i n h i b i t e d  a t  t h e  
s t i g m a t i c  s u r f a c e  b e f o r e  t h e y  p e n e t r a t e  t h e  p a p i l l a e .  More r e c e n t l y  
D i c k i n s o n  & Lewis  ( 1 9 7 3 a ,  b)  showed t h a t  i n  Raphanus  t a p e t a l l y —d e r i v e d  
p r o t e i n s  a r e  d e p o s i t e d  i n  t h e  p o l l e n  e x i n e  ( t r y p h i n e )  and  t h a t  t h e  
c o m p a t i b i l i t y  o f  t h e  p o l l e n  i s  d e t e r m i n e d  by t h e  c h a r a c t e r  o f  t h i s  
t r y p h i n e .  They p r o p o s e d  t h a t  an  i n t e r a c t i o n  b e tw e en  a p r o t e i n  on t h e  
s t i g m a t i c  s u r f a c e  an d  t h e  t r y p h i n e  s t i m u l a t e s  c a l l o s e  f o r m a t i o n  i n
Ii n c o m p a t i b l e  p o l l i n a t i o n s  an d  h en c e  i n h i b i t s  t u b e  g r o w t h .  I n  s u p p o r t ,  1
H e s l o p - H a r r i s o n  e t  a l . ( 1 974)  found  t h a t  t h e  d e p o s i t i o n  o f  c a l l o s e  i n
t h e  s t i g m a  p a p i l l a e  c o u l d  be  i n d u c e d  by a g a r  g e l s  o n t o  which 
i n c o m p a t i b l e  p o l l e n  had been  p l a c e d  f o r  s u f f i c i e n t  t i m e  t o  p e r m i t  t h e  
d i f f u s i o n  o f  e x i n e  h e l d  m a t e r i a l s .  They a l s o  showed t h a t  s u ch  a 
r e s p o n s e  d i d  n o t  o c c u r  when a g a r  was u s e d  o n t o  w h ich  c o m p a t i b l e  p o l l e n  
had been p l a c e d .  I t  was s u g g e s t e d  by M a t t s o n  e t  a l . (1974)  t h a t  t h e  
’p e l l i c l e '  ( i . e .  t h e  e x t e r n a l  c o a t i n g  o v e r l y i n g  t h e  c u t i n i s e d  
s t i g m a t i c  p a p i l l a e )  c o u l d  be  t h e  r e c o g n i t i o n  s i t e  o f  t h e  
i n c o m p a t i b i l i t y  r e s p o n s e s ,  b e i n g  f u n c t i o n a l l y  i m p o r t a n t  i n  b o t h  t h e  
c a p t u r e  and h y d r a t i o n  o f  t h e  p o l l e n  g r a i n s .  S u b s e q u e n t l y  H e s l o p -
H a r r i s o n  (1975)  p r o p o s e d  t h a t  t h e  p e l l i c l e  d e t e r m i n e s  t h e  p r o d u c t i o n  -4
/ • i
o f  c u t i n a s e  an d  t h e  p e n e t r a t i o n  o f  t h e  p o l l e n  t u b e  i n t o  t h e  s t i g m a  an d
- . r . - , - -  ■  . ^ .................................."— - :g ;.
' 1
t h a t  t h e  i n c o m p a t i b i l i t y  r e a c t i o n s  t a k e  p l a c e  a t  t h e  s t i g m a t i c  s u r f a c e  
b e tw e en  a n t i g e n s  ( S - a l l e l e  r e l a t e d  s t i g m a t i c  p r o t e i n s )  d e t e c t e d  by 
N a s r a l ' l a h  e t  a l . ( 1970) a s  an  e x i n e  bound p r o t e i n .
As p a r t  o f  t h e  i n c o m p a t i b i l i t y  r e a c t i o n ,  H e s l o p - H a r r i s o n  ( 1979) h a s  
r e c o g n i s e d  t h a t  r e g u l a t i o n  o f  t h e  p a s s a g e  o f  w a t e r  f rom s t i g m a  t o  
p o l l e n  i s  p a r t i c u l a r l y  i m p o r t a n t  f o r  s u c c e s s f u l  p o l l e n  t u b e  
d e v e l o p m e n t .  Z u b e r i  & D i c k i n s o n  (1985 )  have s i n c e  shown t h a t , u n d e r  4
norm al  f i e l d  c o n d i t i o n s B r a s s i c a  s e l f - p o l l e n  may o f t e n  u n d e r g o  a b r i e f  
p e r i o d  o f  h y d r a t i o n  w h ich  c a u s e s  i n h i b i t i o n  o f  many p o l l e n  g r a i n s .
1 . 1 . 4 .  B i o c h e m i s t r y  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m
(-
Lewis  (1952)  a p p l i e d  s e r o l o g i c a l  t e c h n i q u e s  t o  i d e n t i f y  
i n c o m p a t i b i l i t y  s u b s t a n c e s  i n  O e n o th e r a  o r g a n e n s i s  and c o n c l u d e d  t h a t  
t h e  d i f f e r e n t  S - a l l e l e s  p r o d u c e  s p e c i f i c  an d  a n t i g e n i c a l l y  
d i s t i n g u i s h a b l e  s u b s t a n c e s  i n  t h e  p o l l e n .  L i n s k e n s  ( I 9 6 0 )  r a i s e d  
a n t i s e r a  t o  b o t h  p o l l e n  an d  s t y l e  e x t r a c t s  o f  P e t u n i a  and  r e p o r t e d  
t h a t  b o t h  p o l l e n  an d  s t y l e  have  i d e n t i c a l  a n t i g e n s .  N a s r a l l a h  &
W a l l a c e  (1 9 6 7 a )  a p p l i e d  t h e  same t e c h n i q u e  t o  B. o l e r a c e a  and  fou nd  
t h a t  S - s p e c i f i c  a n t i g e n s  w e re  o n l y  p r e s e n t  i n  t h e  s t i g m a .  They 
( 1967b) d e s c r i b e d  t h e  s e g r e g a t i o n  o f  t h e  a n t i g e n i c a l l y  a c t i v e  p r o t e i n s  
i n  t h e  and and fo u n d  t h a t  i t  c o r r e l a t e d  w i t h  t h e  s e g r e g a t i o n  o f  
t h e  S - a l l e l e s  a s  t e s t e d  by p o l l i n a t i o n  an d  s e e d  s e t .  S e d g e l y  ( 1 9 7 4 a ,  
b) l a t e r  n o t e d  t h a t  p l a n t s  h e t e r o z y g o u s  a t  t h e  S - l o c u s  c o n t a i n e d  a b o u t  
h a l f  a s  much o f  a  p a r t i c u l a r  S - a n t i g e n  a s  d i d  t h e  S - a l l e l e  ho m o zy g o te .
I s o e l e c t r i c f o c u s i n g  ( lE F )  h a s  b e e n  u s e d  by N i s h i o  & H i n a t a  
( 19 7 7 , 1 9 7 9 , 1980) t o  show t h a t  c e r t a i n  S - s p e c i f i c  m o l e c u l e s  a r e
1 0  -
g l y c o p r o t e i n s .  R o b e r t s  e t  a l . (1979)  have a l s o  u sed
i s o e l e c t r i c f o c u s i n g  t o  examine s t i g m a t i c  e x t r a c t s  o f  B. o l e r a c e a  and
fo un d t h a t  m a t u r e  s t i g m a s  p o s s e s s  l a r g e  q u a n t i t i e s  o f  g l y c o p r o t e i n  
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which  i s  n o t  p r e s e n t  a t  e a r l i e r  s t a g e s  o f  bud d e v e l o p m e n t .  N a s r a l l a h  
e t  a l . ( 1983) hav e  s i n c e  examined  S - s p e c i f i c  p r o t e i n s  i n  B r a s s i c a  
s t i g m a s  a t  d i f f e r e n t  d e v e l o p m e n t a l  s t a g e s  u s i n g  lE F  and have  a l s o  
o b s e r v e d  i n c r e a s e d  l e v e l s  o f  S - s p e c i f i c  p r o t e i n  b an d s  i n  m a tu r e  
s t i g m a s .  F i n a l l y ,  N a s r a l l a h  e t  a l . (1 985a )  have  p r e s e n t e d  p r e l i m i n a r y  
e v i d e n c e  o f  h a v i n g  c l o n e d  t h e  DNA o f  t h e  S^ a l l e l e  o f  B. o l e r a c e a  and 
f u r t h e r  showed t h a t  t h e  p r o t e i n  en c o d ed  by t h e  S.-DNA i s  d e t e c t e d  by an  
a n t i b o d y  t o  t h e  Sg g l y c o p r o t e i n  p r o d u c e d  i n  i n t a c t  s t i g m a s .  
S u b s e q u e n t l y ,  N a s r a l l a h  e t  a l . (1 988)  have  d e m o n s t r a t e d  a c e l l - t y p e  
 ^ s p e c i f i c  e x p r e s s i o n  o f  s e l f - i n c o m p a t i b i l i t y  s e q u e n c e s  f o r  s e v e r a l  S -  
t r a n s c r i p t s  i n  t h e  s t i g m a  and shown t h a t  t h e s e  S - t r a n s c r i p t s  a r e  
e x p r e s s e d  e x c l u s i v e l y  i n  t h e  p a p i l l a e  c e l l s  o f  t h e  s t i g m a  and n o t  i n  
o t h e r  s t i g m a  s t y l e  o r  o v a r y  t i s s u e s .
1. 1. 5 . S e l f - i n c o m p a t i b i l i t y  i n  B r a s s i c a  napus
S t u d i e s  o f  t h e  g e n e t i c s  o f  s e l f - i n c o m p a t i b i l i t y  i n  a m p h i d i p l o i d  
B r a s s i c a s  a r e  l i m i t e d .  B. n ap u s  i s  t h e  a l l o t e t r a p l o i d  d e r i v e d  f rom 
B. c a m p e s t r i s  and B. o l e r a c e a . A l t h o u g h  b o t h  p a r e n t a l  s p e c i e s  have  a 
s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m ,  B. napus  i s  u s u a l l y  s e l f ­
c o m p a t i b l e .  O l s s o n  ( 1960a )  found  some n a t u r a l l y  o c c u r r i n g  s e l f ­
i n c o m p a t i b l e  p l a n t s  o f  B. n ap u s  spp r a p i f e r a  ( s w e d e s )  and B. napus  s s p  
o l e i f e r a  ( o i l s e e d  r a p e ) ,  and Davey (1 95 8)  and O l s s o n  (196 0b )  have 
shown t h a t  s e l f - i n c o m p a t i b l e  B. napus  p l a n t s  can be o b t a i n e d  by 
c r o s s i n g  B. o l e r a c e a  and B. c a m p e s t r i s  f o l l o w e d  by embryo c u l t u r e .
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F u n c t i o n a l  S - a l l e l e s  have  a l s o  bee n  s u c c e s s f u l l y  i n t r o g r e s s e d  i n t o  
f o r a g e  r a p e  B. n ap u s  L.  f rom t u r n i p s ,  B. c a m p e s t r i s  s s p  r a p i f e r a  
(Mackafy, 1 9 7 7 a ) .  Mackay (1976)  showed t h a t  i n  f o r a g e  r a p e  s e l f ­
i n c o m p a t i b i l i t y  was d o m i n a n t  t o  s e l f - c o m p a t i b i l i t y ,  an d  moreover ,
B. c a m p e s t r i s  a l l e l e s  were  a c t i v e  i n  B. n a p u s . R e c e n t l y  Gowers (1989)  
and Gemmell e t  a l . (1 98 9)  have d e m o n s t r a t e d  t h a t  a c t i v e  S - a l l e l e s  i n  
B. napus  have be en  i n h e r i t e d  e i t h e r  f rom B. o l e r a c e a  genome o r  the  
B. c a m p e s t r i s  genome;however ,  t h e y  were  n o t  a b l e  t o  d e t e r m i n e  wh ich 
p a r e n t a l  genome d o n a t e d  t h e  a c t i v e  a l l e l e .
S e l f - i n c o m p a t i b i l i t y  i n  B. n ap u s  h a s  be e n  o f  i n t e r e s t  t o  b r e e d e r s  
b e c a u s e  o f  t h e  p o s s i b i l i t y  o f  p r o d u c i n g  F^ c u l t i v a r s .  I n  t h e  d i p l o i d  
 ^ B r a s s i c a  s p e c i e s  s e l f - i n c o m p a t i b i l i t y  i s  o f  c e n t r a l  i m p o r t a n c e  i n  t h e  
p r o d u c t i o n  o f  c u l t i v a r s  e . g .  c a b b a g e ,  c a l i b r e s e  (B. o l e r a c e a ) ,  C h in e s e  
cab b a g e  an d  t u r n i p  ( B. c a m p e s t r i s ) . T h i s  r e f l e c t s  t h e  m o n e t a r y  v a l u e  
o f  t h e s e  c r o p s ,  whe re  b o t h  u n i f o r m i t y  and h y b r i d  v i g o u r  ( h e t e r o s i s )  
a r e  o f  i m p o r t a n c e .  The need f o r  u n i f o r m i t y  i n  a m p h i d i p l o i d  B r a s s i c a  i s  
n o t  a s  g r e a t ;  howe ve r  h y b r i d  v i g o u r  h a s  bee n  shown t o  o c c u r  i n  
swede (Gowers ,  1 9 7 3 ) ,  t h u s  j u s t i f y i n g  t h e  need f o r  a ch e ap  method o f  
p r o d u c i n g  h y b r i d  l i n e s .
1 . 2 .  O b j e c t i v e  o f  t h e  p r o p o s e d  R e s e a rc h
S u c c e s s f u l  u s e  o f  s e l f - i n c o m p a t i b i l i t y  i n  t h e  p r o d u c t i o n  o f  F^ 
c u l t i v a r s  o f  B. n ap u s  c r o p s  would  be g r e a t l y  e n h a n c e d  by a  more 
c o m p l e t e  knowledg e o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m  i n  t h e  s p e c i e s .  
B e ca u se  two S - l o c i  a r e  p r e s e n t  i n  B. n a p u s , t h e  a m p h i d i p l o i d  p r o v i d e s  
a u n i q u e  o p p o r t u n i t y  t o  i n v e s t i g a t e  s e l f - i n c o m p a t i b i l i t y  i n  a  s p e c i e s
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known t o  p o s s e s s  a 2 l o c u s  s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  sys tem .
I n  t u r n ,  i t  can  be v i ew ed  a s  a model s y s t e m  f o r  s t u d i e s  o f  r e c o g n i t i o n
i n  f l o w e r i n g  p l a n t s ,  wh ich  com plemen ts  and  e x t e n d s  t h e  work done on
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B r a s s i c a  s p e c i e s  w i t h  a  s i n g l e  S - l o c u s .
The d e t e c t i o n  an d  p r o d u c t i o n  o f  s e l f - i n c o m p a t i b l e  B. n a p u s  r a i s e s  
a number o f  q u e s t i o n s  c o n c e r n i n g  t h e  o p e r a t i o n  o f  t h e  s y s t e m  i n  t h e  
a m p h i d i p l o i d s , v i z :
( a )  Are b o t h  l o c i  d o n a t e d  by t h e  s e l f - i n c o m p a t i b l e  p a r e n t s  e x p r e s s e d  
i n  t h e  s y n t h e t i c  B. n a p u s ?
( b )  I f  n o t , t h e n  wh ich  l o c u s  i s  e x p r e s s e d ?  I s  i t  a l w a y s  t h e  same 
l o c u s  t h a t  i s  e x p r e s s e d  o r  i s  i t  som et imes  t h e  o l e r a c e a  l o c u s  and 
s om et im e s  t h e  c a m p e s t r i s  l o c u s ?
( c )  I f  t h e  a l l e l e s  a t  b o t h  l o c i  a r e  e x p r e s s e d ,  do t h e y  o p e r a t e  
i n d e p e n d e n t l y  o r  i s  t h e r e  an  i n t e r a c t i o n  b e tw e en  t h e  two l o c i ?
(d )  What i n t e r a c t i o n , i f  any, o c c u r s  bet w een  i n d i v i d u a l  a l l e l e s  a t  
d i f f e r e n t  l o c i  and t o  w h a t  e x t e n t  do i n t e r -  an d  i n t r a - l o c u s  
i n t e r a c t i o n s  o c c u r  t o g e t h e r ?
( e )  I f  an  i n t e r a c t i o n  o c c u r s  w h a t  form does  i t  t a k e ?
P r e v i o u s  s t u d i e s  h av e  n o t  a d d r e s s e d  t h e s e  q u e s t i o n s  ow ing  t o
i n a d e q u a t e  i n f o r m a t i o n  on t h e  i n c o m p a t i b i l i t y  s t a t u s  o f  t h e  p a r e n t s  o f  
B. n a p u s .
The o b j e c t i v e  o f  t h e  p r e s e n t  r e s e a r c h  was t h e r e f o r e  t o  s y n t h e s i s e  
B. napus  f rom p a r e n t s  o f  known S s t a t u s  ( C h a p t e r  2) and t o  i n v e s t i g a t e  
t h e  e x p r e s s i o n  o f  t h e  a l l e l e s  a t  ea ch  l o c u s  i n  t h e  s y n t h e t i c s  ( C h a p t e r  
3 ) ,  t h e i r  p ro g e n y  o b t a i n e d  by i n t e r c r o s s i n g  them ( C h a p t e r  5 ) ,  and 
t h e  Fg f a m i l i e s  d e r i v e d  f rom t h e  F ^ ’ s ( C h a p t e r  6 ) .  D e t e c t i o n  i n  t e s t s  
be tw een  B. napus  and B. o l e r a c e a  o f  a form o f  i n t e r s p e c i f i c  
i n c o m p a t i b i l i t y  l e d  t o  an  i n v e s t i g a t i o n  o f  t h e  n a t u r e  an d  e x t e n t  o f
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t h i s  phenomenon ( C h a p t e r  4 ) .  F i n a l l y ,  s t u d i e s  were  a l s o  c a r r i e d  o u t  
to  d e t e c t  t h e  s t i g m a  p r o t e i n  p r o f i l e s  o f  t h e  f a m i l i e s  r a i s e d  i n  o r d e r  
t o  d e t e c t  i f  S - c o r r e l a t e d  p r o t e i n  bands  c o u l d  be i d e n t i f i e d  
( C h a p t e r  ? ) .
-  14 -
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CHAPTER 2 
PRODUCTION OF SELF-INCOMPATIBLE
BRASSICA NAPUS. V --------------------------
2 . 1 .  INTRODUCTION
The f i r s t  d e s c r i p t i o n  o f  a h y b r i d  bet w een  two d i f f e r e n t  s p e c i e s  o f  t h e  
C r u c i f e r a e  was t h a t  r e p o r t e d  by S a g e r e t  (1 92 6)  who s u c c e s s f u l l y  
c r o s s e d  Raphanus  s a t i v u s  w i t h  B r a s s i c a  o l e r a c e a . T h i s  was f o l l o w e d  by 
t h e  s y n t h e s i s  o f  t h e  f i r s t  f e r t i l e  a l l o p o l y p l o i d  i n  t h e  f a m i l y  
p r o d u c e d  by Kapechenko (1 928)  who c r o s s e d  Raphanus  s a t i v u s  w i t h  
B. o l e r a c e a  t o  y i e l d  R a p h a n o b r a s s i c a . I n  1932 F r a n d s e n  & Winge 
». d e s c r i b e d  a n o t h e r  i n t e r s p e c i f i c  a l l o p o l y p l o i d  h y b r i d  p r o d u c e d  f rom 
c r o s s e s  b e tw e e n  B. n a p u s  and B. c a m p e s t r i s  and named i t  
B r a s s i c a  n a p o c a m p e s t r i s . I n  b o t h  c a s e s ,  f e r t i l i t y  i n  t h e  
a l l o p o l y p l o i d  a p p a r e n t l y  r e s u l t e d  f rom s p o n t a n e o u s  chromosome d o u b l i n g  
i n  t h e  s t e r i l e  h y b r i d .
B ased  on s t u d i e s  o f  chromosome p a i r i n g ,  M orinaga (1934 )  p r o p o s e d  
t h a t  t h e  h i g h  chromosome B r a s s i c a  s p e c i e s  B. n ap u s  (2n = 3 8 ) ,  B. j u n c e a  
(2n = 36) and B. c a r i n a t a  (2n = 34) o r i g i n a t e d  a s  a m p h i d i p l o i d  h y b r i d s  
f rom i n t e r s p e c i f i c  c r o s s e s  b e tw e en  low chromosome s p e c i e s  B. n i g r a  
(2n = 1 6 ) ,  B. o l e r a c e a  (2n = 18) and B. c a m p e s t r i s  (2n = 2 0 ) .
F o l l o w i n g  t h i s  p r o p o s a l ,  t h e  f i r s t  s y n t h e s i s  o f  B. napus  was made by 
U i n  1935 ( F i g .  2 . 1 ) .  He c r o s s e d  d i p l o i d  B. c a m p e s t r i s  and 
B. o l e r a c e a  u s i n g  B. c a m p e s t r i s  a s  t h e  f e m a le  p a r e n t  an d  o b t a i n e d  f o u r  
t r u e  h y b r i d  B. n ap u s  p l a n t s  f rom 732 p o l l i n a t i o n s  ( 0 . 5 4  h y b r i d s / 100 
p o l l i n a t i o n s ) .  C o l c h i c i n e  was u s e d  t o  d o u b l e  t h e  chromosome number  o f  
t h e  h y b r i d  t o  o b t a i n  t h e  f e r t i l e  a l l o p o l y p l o i d s .  L a t e r ,  F r a n d s e n





B. oleracea B .napus 
% = 19
B. campestris
n = 9 % =  10
F i g .  2 . 1  D i a g r a m a t i c  r e p r e s e n t a t i o n  o f  t h e  genom ic  r e l a t i o n s h i p  
among s p e c i e s  o f  B r a s s i c a  (From U, 1934)
( 19 4 3 , 1947) s y n t h e s i s e d  B. j u n c e a , B. napus  and B. c a r i n a t a , 
f o l l o w i n g  i n t e r c r o s s i n g  b e tw e en  t h e  d i p l o i d  s p e c i e s  t h a t  Moringa 
( 1934) had i d e n t i f i e d  a s  p a r e n t s .
A r t i f i c i a l  s y n t h e s i s  o f  t h e  a m p h i d i p l o i d  B. n ap u s  by h y b r i d i s a t i o n  
bet w een  B. c a m p e s t r i s  and B. o l e r a c e a  f o l l o w e d  by chromosome d o u b l i n g  
p r o v i d e s  a means o f  i n c r e a s i n g  v a r i a b i l i t y  i n  t h e  s p e c i e s  (B. n ap u s )
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a n d ,  i n  t u r n ,  o b t a i n i n g  s u i t a b l e  m a t e r i a l  f o r  g e n e t i c  s t u d i e s .  For 
t h i s  r e a s o n ,  a r t i f i c i a l  B. napus  h a s  been  p r o d u c e d  by a number  o f  
b r e e d e r s  i n  Europe  a s  p a r t  o f  t h e i r  b r e e d i n g  work o v e r  t h e  p a s t  50 
y e a r s .  The f r e q u e n c y  o f  h y b r i d s  o b t a i n e d  by t h e  d i f f e r e n t  
i n v e s t i g a t o r s  h a s  v a r i e d  b u t , a s  a r u l e , o n l y  a few h y b r i d  s e e d s  have 
been p r o d u c e d  p e r  1 ,0 00  p o l l i n a t e d  f l o w e r s .  S e v e r a l  methods  have  bee n  
u s e d  t o  s y n t h e s i s e  t h e  a m p h i d i p l o i d  B. n a p u s . Hoffmann and P e t e r s  
(1958)  i n t e r c r o s s e d  d i p l o i d  B. c a m p e s t r i s  w i t h  d i p l o i d  B. o l e r a c e a  
r e c i p r o c a l l y  and t r e a t e d  t h e  r e s u l t i n g  o f f s p r i n g  w i t h  c o l c h i c i n e  
f o l l o w i n g  t h e  methods  u s e d  by U. ( 1 9 3 5 ) .  They fo u n d  t h a t  t h e  number 
o f  h y b r i d s  o b t a i n e d  p e r  c r o s s  de pended  on t h e  s p e c i e s  u s ed  a s  t h e  
f e m a le  p a r e n t .  When B. c a m p e s t r i s  was u s e d  a s  t h e  f e m a l e ,  48 h y b r i d s  
were o b t a i n e d  f rom 2 0 , 2 8 3  p o l l i n a t i o n s ,  ( i e  0 . 2 4  h y b r i d s / 100 
p o l l i n a t i o n s ) ,  b u t  w i t h  B. o l e r a c e a  a s  t h e  f e m a l e  o n l y  one h y b r i d  
p l a n t  was p ro d u c e d  f rom 15 ,288 p o l l i n a t i o n s  made ( 0 . 0 0 6  h y b r i d s / 100 
p o l l i n a t i o n s ) .  O l s s o n  (196 0b )  h a s  o b t a i n e d  s i m i l a r  r e s u l t s  f rom h i s  
c r o s s i n g  programme,  p r o d u c i n g  15 h y b r i d s  f rom 7 , 4 3 4  c r o s s e s  ( 0 . 2 0  
h y b r i d s / 100 p o l l i n a t i o n s )  when B. c a m p e s t r i s  was t h e  f e m a le  p a r e n t  b u t  
o n l y  one h y b r i d  f rom 2 ,961  c r o s s e s  when B. o l e r a c e a  was t h e  f e m a l e  
( . 0 3 4  h y b r i d s / 100 p o l l i n a t i o n s ) .
The u s e  o f  t e t r a p l o i d  p a r e n t s  t o  p r o d u c e  f e r t i l e  s y n t h e t i c s  
d i r e c t l y  h a s  a l s o  be en  e x p l o i t e d .  O l s s o n  (1 960b)  o b t a i n e d  more 
h y b r i d s  f rom i n t e r c r o s s e s  b e tw e en  t e t r a p l o i d  B. c a m p e s t r i s  an d  
B. o l e r a c e a  (263 h y b r i d s  f rom  4 1 , 7 5 8  p o l l i n a t i o n s  i . e .  0 . 6 2  
h y b r i d s / 100 p o l l i n a t i o n s )  t h a n  were  o b t a i n e d  w i t h  d i p l o i d s  a s  t h e  
p a r e n t s  (16 h y b r i d s  f rom 14,469 c r o s s e s  -  0 .11 h y b r i d s / 1 0 0  
p o l l i n a t i o n s ) .  McNaughton (1963)  a l s o  showed t h a t  t h e  number  o f  
p o l l i n a t i o n s  r e q u i r e d  t o  p ro d u c e  a h y b r i d  was c o n s i d e r a b l y  g r e a t e r  a t
17 -
t h e  d i p l o i d  t h a n  t h e  t e t r a p l o i d  l e v e l ,  and r e p o r t e d  t h e  i n t e r e s t i n g  
f i n d i n g  t h a t  t h e r e  was no g r e a t  a d v a n t a g e  a s  t o  wh ich  s p e c i e s  was used  
a s  f e m a l e  p a r e n t  i n  c r o s s e s  a t  t h e  t e t r a p l o i d  l e v e l  ( T a b l e  2 . 1 ) .
E n v i r o n m e n t ,  t h e  p h y s i o l o g i c a l  s t a t e  o f  t h e  m o th e r  p l a n t  p l u s  i t s  
g e n o t y p e ,  have a l l  b ee n  found  t o  i n f l u e n c e  t h e  y i e l d  o f  h y b r i d s  i n  
c r o s s e s .  The i n f l u e n c e  o f  t h e  g e n o t y p e  o f  t h e  m o th e r  p l a n t  on t h e  
y i e l d  o f  h y b r i d  s e e d s  was c l e a r l y  d e m o n s t r a t e d  by O l s s o n  (1 960b)  i n  a 
s e r i e s  o f  c r o s s e s  b e t w e e n  t e t r a p l o i d s  o f  B. c a m p e s t r i s  and 
B. o l e r a c e a . He o b t a i n e d  133 h y b r i d  p l a n t s  f rom 2 2 ,8 8 4  p o l l i n a t i o n s  
( 0 . 5 8  h y b r i d s / 100 p o l l i n a t i o n s )  o f  wh ich  103 h y b r i d s  o r i g i n a t e d  f rom 
o n l y  4 m o th e r  p l a n t s .  The r e m a i n i n g  30 h y b r i d s  we re  p r o d u c e d  f rom 
s e v e r a l  m o th e r  p l a n t s .  Of 130 h y b r i d s  o b t a i n e d  f rom t h e  r e c i p r o c a l
(■
c o m b i n a t i o n ,  126 were  d e r i v e d  f rom  one m o th e r  p l a n t  and  t h e  r e m a i n i n g  
4 f rom 4 d i f f e r e n t  c o m b i n a t i o n s .
A m a jo r  im p ro v e m e n t  o c c u r r e d  i n  t h e  p r o d u c t i o n  o f  h y b r i d s  be tw e en  
B. c a m p e s t r i s  and B. o l e r a c e a  w i t h  t h e  d ev e lo p m e n t  o f  an  embryo 
c u l t u r e  t e c h n i q u e  ( N i s h i  e t  a l . , 1 9 5 9 ) .  I n i t i a l l y ,  H a r b e rd  (1 971)  
u s e d  a s i m p l e  l i q u i d  c u l t u r e  t e c h n i q u e  b a s e d  on a W h i t e s  medium ( s e e  
A ppe ndix  1) f o r  r a i s i n g  h y b r i d s  f rom  v a r i o u s  c r o s s e s  b e tw e en  B r a s s i c a  
s p e c i e s ,  w h i l e  S n e l l  (1 977)  o b t a i n e d  i n c r e a s e d  numbers  o f  h y b r i d s  (8 
h y b r i d s  p e r  100 p o l l i n a t i o n s )  u s i n g  a m o d i f i c a t i o n  o f  N i s h i s '  s o l i d  
a g a r  c u l t u r e  t e c h n i q u e .  S u b s e q u e n t l y ,  I n o mata (1 9 7 8 a )  p r o d u c ed  
h y b r i d s  b e tw een  B. c a m p e s t r i s  an d  B. o l e r a c e a  c o m p a r a t i v e l y  e a s i l y  by 
c u l t u r i n g  i n  v i t r o  e x c i s e d  p o l l i n a t e d  o v a r i e s .  He o b t a i n e d  15 h y b r i d  
p l a n t s  f rom 116 o v a r i e s  ( 1 2 . 9 3  h y b r i d s  p e r  100 p o l l i n a t i o n s )  i n  an  
i n i t i a l  s t u d y  and  t h e n ,  f o l l o w i n g  t h e  d e v e lo p m e n t  o f  an  im pro ved  
medium ( I n o m a t a ,  1 9 8 5 ) , he  i n c r e a s e d  t h e  r a t e  o f  s u c c e s s  t o  381 h y b r i d  
p l a n t s  f rom 568 p o l l i n a t i o n s  u s i n g  3 .  c a m p e s t r i s  a s  f e m a l e  p a r e n t  an d
-  1 8
B. o l e r a c e a  a s  male (6 ?  h y b r i d s  p e r  100 p o l l i n a t i o n s ) .  He a l s o  
o b t a i n e d  a v e r y  h i g h  s u c c e s s  r a t e  w i t h  i n t e r s p e c i f i c  c r o s s e s  b e tw e en  
B. c r e * t i c a  ^ and B. c a m p e s t r i s , i r r e s p e c t i v e  o f  w hich  s p e c i e s  was u s ed  
a s  t h e  f e m a l e  p a r e n t .
S i n c e  t h e  b r e a k t h r o u g h  made by In o m a ta  and o t h e r s ,  o v a r y  c u l t u r e  
h a s  bee n  d e v e l o p e d  i n t o  a  r e l i a b l e  t e c h n i q u e  a t  t h e  S c o t t i s h  Crop 
R e s e a r c h  I n s t i t u t e  f o r  t h e  s y n t h e s i s  o f  B. n ap u s  ( J .  M i d d l e f e l l -  
W i l l i a m s ,  p e r s o n a l  c o m m u n ic a t io n )  and was t h e  method ch o s e n  f o r  t h i s  
r e s e a r c h .
I n  t h i s  C h a p t e r ,  I  d e s c r i b e  t h e  methods  u s e d  t o  p r o d u c e  s e l f  
i n c o m p a t i b l e  B. napus  o f  known S a l l e l e  c o n s t i t u t i o n  and  t h e  r e s u l t s  
o b t a i n e d .
2 . 2 .  MATERIALS AND METHODS
2 . 2 . 1  A r t i f i c i a l  s y n t h e s i s  o f  B r a s s i c a  n ap u s  o f  known S - a l l e l e  g e n o t y p e
2 . 2 . 1 . 1  Ov ary  c u l t u r e
T h ree  i n b r e d  l i n e s  o f  B. o l e r a c e a  v a r  a l b o g l a b r a  o b t a i n e d  a s  S - a l l e l e  
h om ozygo tes  f rom Dr D J  Ockendon ( I n s t i t u t e  o f  H o r t i c u l t u r e ,
W e l l e s b o u r n e , W a r w i c k s h i r e ,  U .K .)  were  u s e d  a s  p o l l e n  p a r e n t s  i n  
c r o s s e s .  These  were  coded  t h u s :
8 3 -4 5 6  -  DJ 2025 Homozygous f o r  S^gS^g 
8 3 -4 43  -  DJ 2020 " " S^^S^^
8 5 -3 53  -  DJ 2023 " " S 8
1A s p e c i e s  w i t h  2n = 18 chromosomes,  c l o s e l y  r e l a t e d  t o  B. o l e r a c e a .
-  19 -
B. c a m p e s t r i s  v a r .  c h i n e n s i s  p l a n t s  o f  known S - a l l e l e  c o m p o s i t i o n  
were  c h o s e n  t o  r e p r e s e n t  t h e  f e m a l e  p a r e n t .  These  p l a n t s  were  
produc^ed by s e l f  p o l l i n a t i n g  an  i n b r e d  d e r i v e d  f rom 
B. c h i n e n s i s  j u s l e n  v a r  c h i n e n s i s ; 81X023 y i e l d i n g :
86-155A -  Homozygous f o r  S^S^
8 6 - 1 55B -  "
The dom inance r e l a t i o n s h i p  o f  t h e  S - a l l e l e s  i n  t h e  B. o l e r a c e a  l i n e s
were  known f rom t h e  work by Van Hal (1968 -  u n p u b l i s h e d )  and a r e  a s  
f o l l o w s :
S t igm a
S29 = ( S 14)
^29 ^  ^^2^
14
P o l l e n
®29 '  ^14
®29 > " 2  
> Sg
Key t o  sy m bo ls
■ = b o t h  a l l e l e  a c t i v e  
( )  p a r t i a l l y  a c t i v e  o r  r e c e s s i v e  
> One a l l e l e  d o m i n a n t  t o  t h e  o t h e r
S i m i l a r l y ,  t h e  dom inance r e l a t i o n s h i p  o f  S - a l l e l e s  i n  B. c a m p e s t r i s  
(S ee  Ap pend ix  2) have be en  i d e n t i f i e d  a s :
S t ig m a  P o l l e n
Growth and m a i n t e n a n c e  o f  p l a n t  m a t e r i a l  f o l l o w e d  a s t a n d a r d  
r e g im e  t h r o u g h o u t  t h i s  work .  S e e d s  we re  sown i n  i n d i v i d u a l  p e a t  
compo st  p o t s  ( J i f f y  7 ’ s )  an d  p l a c e d  i n  a h e a t e d  g l a s s h o u s e  p r o v i d i n g  a 
20°C day  an d  15°C n i g h t  t e m p e r a t u r e .  P l a n t s  were  t r a n s p l a n t e d  t o  8 . 8  
cm p o t s  a t  t h e  3 -5  l e a f  s t a g e  and t h e n ,  b e tw e en  f o u r  t o  f i v e  weeks  
f rom s o w in g ,  we re  t r a n s p l a n t e d  a g a i n  t o  13 .2  cm p o t s  i n  which t h e y  
were  s u b s e q u e n t l y  m a i n t a i n e d .  M atu re  p l a n t s  were  t r e a t e d  e v e r y  2
— 2 0  —
weeks  w i t h  H o a g la n d s  s o l u t i o n  ( f o r  c o m p o s i t i o n ,  s e e  App endix  3 ) -
B. c a m p e s t r i s  86-155A and 86-155B p l a n t s  were  bud p o l l i n a t e d  by 
b r u s h i n g  p o l l e n  f rom a f r e s h l y  d e h i s c e d  a n t h e r  o f  t h e  r e q u i r e d  
B. o l e r a c e a  p o l l e n  p a r e n t  l i n e  on t o  t h e  s t i g m a t i c  s u r f a c e s  o f  buds  
f rom wh ich  a n t h e r s  had been p r e v i o u s l y  removed.  P o l l i n a t e d  bu ds  were 
p l a c e d  i n  w h i t e - p a p e r - w a x e d  bags  t o  p r e v e n t  c o n t a m i n a t i o n  u n t i l  
c o l l e c t i o n .  The number  o f  p o l l i n a t i o n s  made f o r  ea c h  c r o s s  a r e  g i v e n  
i n  T a b l e  2 . 2 .
P i s t i l s  w i t h  a p p r o x i m a t e l y  0 . 2  mm o f  p e d i c e l  were  c o l l e c t e d  n i n e  
days  a f t e r  p o l l i n a t i o n  when t h e y  were  1 .5 -  2 . 5  cm l o n g .  T hes e  were  
s u r f a c e - s t e r i l i s e d  w i t h  10% c h l o r o s  f o r  5 m i n u t e s ,  r i n s e d  i n  t h r e e  
ch a n g e s  o f  d i s t i l l e d  w a t e r  and  c u l t u r e d  on m o d i f i e ,d N i t s c h  and 
N i t s c h ' s  medium (S ee  A pp end ix  4 f o r  c o m p o s i t i o n ) .  Each p i s t i l  was 
p l a n t e d  i n  20 ml medium p o u r e d  a s  a  s l o p e  c u l t u r e  ( F i g .  2 . 2 . ) .
A l l  m a n i p u l a t i o n s  were  c o n d u c t e d  u n d e r  a s e p t i c  c o n d i t i o n s  i n  a
l a m i n a r  f l o w  c a b i n e t  w h i l e  c u l t u r e s  were  m a i n t a i n e d  a t  22 + 2°C a t  a
2r a d i a n t  f l u x  d e n s i t y  o f  74 praol/m / s  c o n t i n u o u s  i l l u m i n a t i o n  by 
f l u o r e s c e n t  l a m p s .  The p i s t i l s  showed e l o n g a t i o n  w i t h i n  10-15 d a y s .  
A f t e r  31 d a y s , s o m e  o f  t h e  o v a r i e s  had i n c r e a s e d  c o n s i d e r a b l y  i n  s i z e  
and showed s w e l l i n g  a t  p l a c e s  w he re  embryos  had d e v e l o p e d .  At  t h i s  
s t a g e , t h e y  were  d i s s e c t e d  u n d e r  a s t e r e o s c o p i c  m i c r o s c o p e  an d  t h e  s i z e  
and s t a g e  o f  d e v e lo p m e n t  o f  t h e  embryo d e t e r m i n e d .  C u l t u r e  b o t t l e s  
we re  s u r f a c e - s t e r i l i s e d  by d i p p i n g  them q u i c k l y  i n t o  e t h y l  a l c o h o l  and 
f l a m i n g .  The embryos  were  e x t r a c t e d  an d  t r a n s f e r r e d  t o  b a s i c  embryo 
c u l t u r e  medium ( f o r  c o m p o s i t i o n  s e e  App end ix  5 -  S n e l l ,  1977) where  
t h e y  were  i n c u b a t e d  a t  25 + 2®C u n d e r  c o n t i n u o u s  i l l u m i n a t i o n .  Most 
embryos  grew n o r m a l l y  on t h i s  medium ( F i g s .  2 , 3  and  2 . 4 ) ,  b u t  some 
p ro d u c e d  many s h o o t s  and l e a v e s  ( F i g .  2 . 5 ) .  These  l a t t e r  t y p e s  were
-  2 1  -
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d i v i d e d  i n t o  t h r e e  o r  f o u r  m a sse s  and  s u b - c u l t u r e d  f o r  f u r t h e r  
m a n i p u l a t i o n s  i n  a b a s i c  embryo c u l t u r e  media s u p p l e m e n t e d  w i t h  0 .1  
p g /L  I n d o l e  A c e t i c  Ac id  (lAA) an d  0 .1  p g /L  K i n e t i n .
Some o f  t h e  s u b - c u l t u r e d  m asses  p r o d u c e d  f u r t h e r  a b n o r m a l i t i e s  i n  
c o t y l e d o n  s h ap e  an d  f o r m a t i o n .  These  a b n o r m a l  s h o o t l e t s  d e v e l o p e d  
i n t o  no rm al  p l a n t s  on t r a n s f e r  t o  a b a s i c  embryo c u l t u r e  media 
c o n t a i n i n g  0 . 2  p g / L  N a p t h a l i c  A c e t i c  Ac id  (NAA) an d  0 .1  p g /L  6 
B enzy l  amino p u r i n e  (BAP).
Once p l a n t l e t s  w i t h  an  a d e q u a t e  r o o t  s y s t e m  had d e v e l o p e d  t h e y  
were  t r a n s p l a n t e d  t o  a m i x t u r e  o f  p e a t  and P e r l i t e  ( 1 : 1  by volume 
F i g .  2 . 6 . )  p l a c e d  i n  a  m i s t  p r o p a g a t o r  and g r a d u a l l y  t r a n s f e r r e d  t o  
 ^ t h e  g l a s s h o u s e  u n d e r  s u p p l e m e n t a r y  l i g h t .
2 . 2 . 1 . 2  Embryo c u l t u r e
B. o l e r a c e a  v a r  a l b o g l a b r a  8 3 - 4 5 6 ,  8 3 -4 43  and  85 -3 5 3  we re  bud 
p o l l i n a t e d  u s i n g  f r e s h l y  d e h i s c e d  a n t h e r s  o f  B. c a m p e s t r i s  86-155A i n  
t h e  manner d e s c r i b e d  a b o v e .  The number o f  p o l l i n a t i o n s  made f o r  e a c h  
c r o s s  a r e  p r e s e n t e d  i n  T a b l e  2 . 3 .
T h i r t y - s i x  days  a f t e r  p o l l i n a t i o n ,  p i s t i l s  w e re  c o l l e c t e d ,  s u r f a c e -  
s t e r i l i s e d  by d i p p i n g  them i n  10% c h l o r o s  f o r  5 -7  m i n u t e s  an d  r i n s e d  
i n  t h r e e  c h a n g e s  o f  d i s t i l l e d  w a t e r .  Embryos were  removed a s e p t i c a l l y  
u n d e r  a s t e r o s c o p i c  m i c r o s c o p e  by l e n g t h w i s e  d i s s e c t i n g  o f  t h e  
d e v e lo p e d  s e e d  pod.  E x c i s e d  embryos  were  t r a n s f e r r e d  t o  b a s i c  embryo 
c u l t u r e  media (S ee  App end ix  5 -  S n e l l ,  1977) and i n c u b a t e d  a t  25 + 2°C 
u n d e r  c o n t i n u o u s  i l l u m i n a t i o n  o f  f l u o r e s c e n c e  l i g h t .
Once t h e  embryos  had grown an  a d e q u a t e  r o o t  s y s t e m  and d e v e l o p e d
-  2 2  -
a c t i v e  g ro w i n g  p o i n t s ,  t h e y  were  p l a n t e d  i n  a m i x t u r e  o f  p e a t  an d
p e r l i t e  ( 1 :1  by volume)  and t r a n s f e r r e d  t o  a m i s t  p r o p a g a t o r .  A f t e r
one t o  two weeks,  t h e y  were t r a n s p l a n t e d  d i r e c t l y  i n  compos t  an d  . *
g r a d u a l l y  t r a n s f e r r e d  t o  t h e  g l a s s h o u s e .
2 . 2 . 2 .  Chromosome d o u b l i n g
A l l  t h e  h y b r i d s  p r o d u c e d  were  e x p e c t e d  t o  have  a  d i h a p l o i d  genomic  
c o n s t i t u t i o n .  A few h y b r i d  p l a n t s ,  how ever ,  were  f e r t i l e ,  p r e s u m a b l y  
due t o  s p o n t a n e o u s  chromosome d o u b l i n g .  C o l c h i c i n e  (0.1%) was a p p l i e d  
on f i v e  c o n s e c u t i v e  d a y s  t o  ea ch  a x i l l a r y  bud o f  t h e  d i h a p l o i d  p l a n t s  
to  i n d u c e  chromosome d o u b l i n g .  P l a n t s  t r e a t e d  i n  . t h i s  way were  l e f t  
u n w a t e r e d  f o r  a t  l e a s t  f i v e  h o u r s .
2 . 2 . 3 .  Chromosome c o u n t s
Chromosomes were  o b s e r v e d  i n  m e r i s t e m a t i c  t i s s u e s  o f  r o o t  t i p s .  The 
t i p s  w e re  p r e - t r e a t e d  w i t h  i c e d  c o l d  w a t e r  f o r  f o u r  h o u r s  a t  4°C.
They were  t h e n  t r e a t e d  w i t h  b r o m o n a p t h a l e n e  ( C - m i t o t i c  a g e n t )  t o  
a r r e s t  m i t o s i s  a t  m e ta p h a s e  and a l s o  to  c o n t r a c t  t h e  chromosomes f o r  
one h o u r  a t  room t e m p e r a t u r e  b e f o r e  f i x i n g  i n  a l c o h o l : a c e t i c  a c i d :  
c h l o r o f o r m  ( 6 : 2 : 1 )  f o r  24 h o u r s .  A f t e r  f i x i n g ,  r o o t  t i p s  were  washed 
an d  p l a c e d  i n  1M HCl f o r  20 m i n u t e s  a t  60°C t o  s o f t e n  t h e  t i s s u e s .  
F o l l o w i n g  re mova l  f rom HCl , r o o t  t i p s  were  washed  w i t h  w a t e r  and 
s t a i n e d  w i t h  2% a c e t o - o r c e i n  f o r  f o u r  h o u r s .  Chromosomes were  c o u n t e d  
i n  c e l l s  a t  t h e  l a t e  m e ta p h a s e  o r  e a r l y  a n a p h a s e  s t a g e .  Two s a m p l e s  
were  c o u n t e d  f rom e a c h  h y b r i d  l i n e .
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2 . 2 . 4 .  S c r e e n i n g  f o r  a c i d  p h o s p h a t a s e  geno type
E x t r a c t s  we re  made o f  1 cm d i s c s  c u t  f rom  f r e s h  l e a v e s  o f  b o t h  h y b r i d s  
and  t h e i r  p a r e n t s  i n  lOOpl o f  0 .21  M T r i s - H C l  b u f f e r  (pH 8 . 8 )  i n  
i n d i v i d u a l  w e l l s  o f  a  m i c r o t i t r e  p l a t e .  Sam ples  we re  c r u s h e d  u s i n g  a 
s t e e l  ro d  f o r  a p p r o x i m a t e l y  one  m i n u t e .  The s u p e r n a t a n t  was l o a d e d  
i n t o  t h e  s am ple  w e l l s  o f  a g e l , w i t h  5 ml o f  t r a c k e r  dye ad d ed  t o  a  few 
sam p le  w e l l s .  D i s c o n t i n u o u s  e l e c t r o p h o r e s i s  was c a r r i e d  o u t  a t  4®C on 
an 8% p o l y a c r y l a m i d e  g e l  s l a b  u s i n g  0 . 2 5  M T r i s - g l y c i n e  r u n n i n g  b u f f e r  
(pH 8 . 3 ) .  C u r r e n t  was a p p l i e d  a t  lOOV f o r  16 h o u r s  o r  u n t i l  t h e  
t r a c k e r  dye b e g a n  t o  ru n  o f f  t h e  g e l .  The g e l  was t h e n  r i n s e d  i n  
t h r e e  c h a n g e s  o f  warm 0.14M a c e t a t e  s t a i n  b u f f e r  apd s t a i n e d  f o r  a c i d  
p h o s p h a t a s e  f o l l o w i n g  t h e  t e c h n i q u e  o f  A l l e n ,  Misch an d  M o r r i s o n  
( 1 9 6 3 ) .
2 . 3 .  RESULTS
2 . 3 . 1  S - a l l e l e  a n a l y s i s  o f  B. c a m p e s t r i s  86 -1 55
From t h e  a n a l y s i s  o f  f a m i l y  8 6 -1 55  i t  was p o s s i b l e  t o  i d e n t i f y  f o u r  
p l a n t s  an d  e i g h t  8^8.  p l a n t s  f o r  u s e  i n  t h e  p r o d u c t i o n  o f  
s y n t h e t i c  B. n a p u s . A f u r t h e r  14 p l a n t s  w e re  h e t e r o z y g o u s  S^S^ w i t h  
d o m in an t  t o  i n  t h e  p o l l e n  (S^>S^)  and co d o m i n a n t  i n  t h e  s t i g m a  
(S^ = S . ) ( s e e  App end ix  2 ) .
2 . 3 . 2 . Ovary  c u l t u r e
Not a l l  p i s t i l s  d e v e l o p e d  f rom t h e  p o l l i n a t i o n s  t h a t  were  made.
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l a r g e l y  on d i f f e r e n c e s  i n  embryo p r o d u c t i o n .
2 . 3 . 3 . Embryo c u l t u r e
The r e s u l t s  o f  embryo c u l t u r e  a r e  shown i n  T a b l e  2 . 6 .  The number o f  
embryos  p r o d u c e d  f rom t h e  t h r e e  d i f f e r e n t  c r o s s e s  r a n g e d  f rom 33 p e r  100 
p o l l i n a t i o n s  t o  0 p e r  100 p o l l i n a t i o n s .  I n  f a c t  embryos  were  
o b t a i n e d  o n l y  f r om  t h e  c r o s s  8 3 -4 56  x 86-155A.
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However ,  l o s s e s  were  s l i g h t  e x c e p t  f o r  t h e  c r o s s e s  86-155B x 83 -4 56  
( 27% f a i l e d  t o  d e v e l o p )  and 86-155A x 8 3 -3 53  (17% f a i l e d  t o  d e v e l o p ) .
A l l  i n c u b a t e d  o v a r i e s  we re  examined  f o r  em b ry o s .  O v e r a l l ,  embryo 
p r o d u c t i o n  r a n g e d  f rom 26 p e r  100 p o l l i n a t i o n s  t o  131 p e r  100 
p o l l i n a t i o n s  ( T a b l e  2 .4 ) ,  w i t h  a mean o f  76 .  The p a r e n t  8 3 -4 43  f
(S^^S^j^) a p p e a r e d  t o  be a much p o o r e r  p o l l e n  s o u r c e  t h a n  83-456  
(SggS^g)  o r  85 -3 5 3  ( S ^ S ^ ) ;  8 3 -4 5 6  was t h e  b e s t  p o l l e n  p a r e n t , p r o d u c i n g  
o v e r  one embryo p e r  p o l l i n a t i o n .
The number o f  naked  em bryos  p r o d u c e d  p e r  o v a r y  r a n g e d  f rom 0 -1 5  
an d  v a r i e d  i n  c o l o u r ,  s i z e  an d  s h a p e .  The v a r i o u s  embryo 
d e v e l o p m e n t a l  s t a g e s  o b s e r v e d  i n c l u d e d  t h e  g l o b u l a r ,  t o r p e d o  and 
w a l k i n g  s t i c k  t y p e s  ( F i g .  2 . 7 ,  T a b l e  2 . 5 ) .  The number  o f  ab n o r m a l
(■ c u l t u r e s  o b t a i n e d  i s  g i v e n  i n  T a b l e  2 . 5 .  A l l  t h e  a b n o r m a l  c u l t u r e s  
w e re  n o r m a l i s e d  a f t e r  t r e a t i n g  w i t h  NAA an d  BAP e x c e p t  f o r  one  f rom  
w hich  o n l y  n i n e  o u t  o f  t e n  s h o o t s  were  o b t a i n e d .  L o s s e s  a l s o  o c c u r r e d  
f o r  c r o s s e s  1, 2 an d  4 ( T a b l e  2 . 2 ) ,  so  t h a t  a f i n a l  v a l u e  o f  143 
s y n t h e t i c s  w e re  o b t a i n e d .  T hus ,  t h e  number o f  p l a n t s  p r o d u c e d  p e r  100 
p o l l i n a t i o n s  o b t a i n e d  by t h e  t e c h n i q u e s  employed v a r i e d  f rom 21 t o  128
w i t h  a mean o f  63 ( T a b l e  2 . 5 ) .  Weaning l o s s e s  w e re  n o t  a s s o c i a t e d  *
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w i t h  p a r e n t a g e ,  t h u s  d i f f e r e n c e s  i n  f i n a l  p l a n t  y i e l d s  dep e nded
...
2 . 3 . 4 .  Chromosome a n a l y s i s
A l l  t h e  p l a n t s  o b t a i n e d  f o l l o w i n g  o v a r y  o r  embryo c u l t u r e  were  . *
i n t e r m e d i a t e  b e tw e en  t h e  p a r e n t s  f o r  g e n e r a l  m o r p h o l o g i c a l  c h a r a c t e r s .
Thus a l l  had a l m o s t  w h i t e  f l o w e r s ,  a c h a r a c t e r i s t i c  o f  t h e  B. o l e r a c e a  
p a r e n t  wh ich  i s  c o n t r o l l e d  by a s i n g l e  gene w i t h  w h i t e  d o m i n a n t  to  
y e l l o w  ( F i g s .  2 . 8 ,  2 . 9 ) .  The l e a v e s  we re  l o b e d  a s  i n  B. c a m p e s t r i s  
an d  p o s s e s s e d  a l a y e r  o f  s u r f a c e  wax a s  i n  B. o l e r a c e a . I n  a d d i t i o n ,  
mos t  o f  t h e  h y b r i d s  showed a n t h o c y a n i n  p i g m e n t a t i o n  i n  t h e  l e a f  a x i s  
a t  t h e  s e e d l i n g  s t a g e s ,  w hi ch  i s  n o rm a l  f o r  a B.. o l e r a c e a .
C y t o l o g i c a l  a n a l y s i s  showed t h a t  t h e  p l a n t s  t e s t e d  f o l l o w i n g  
c o l c h i c i n e  t r e a t m e n t  had 38 chromosomes i n  l a t e  m e t a p h a s e  o r  e a r l y  
a n a p h a s e  c e l l s .
2 . 3 . 5 . I soz ym e  a n a l y s i s
The e l e c t r o p h o r e t i c  p h e n o t y p e  o f  a c i d  p h o s p h a t a s e  i n  B. o l e r a c e a ,
B. c a m p e s t r i s  and t h e  s y n t h e t i c s  gave c h a r a c t e r i s t i c  b a n d i n g  p a t t e r n s  
t h a t  d i f f e r e d  f rom e a c h  o t h e r  ( F i g s .  2 . 1 0 ,  2 . 1 1 ) .
2 . 3 . 5 .1  B.  c a m p e s t r i s
Enzyme a c t i v i t y  was c h a r a c t e r i s e d  by t h r e e  z o n e s  and shown i n  l a n e  1 |
■|( F i g s .  2 . 1 0 ,  2 . 1 1 ) .  The f i r s t  z o n e ,  p o s i t i o n e d  a t  Rf x - y ,  p r e s e n t e d  '4
Ino c l e a r  b a n d i n g  p a t t e r n .  The s e c o n d  zone  was t h r e e  b anded  w i t h  t h e
■jtwo ' f a s t e r '  bands  a l w a y s  l o c a t e d  i n  t h e  same p o s i t i o n ,  b u t  w i t h  t h e  i|
s l o w e r  band p o s i t i o n e d  e i t h e r  a t  Rf x o r  y .  The t h i r d  zon e o f  |
a c t i v i t y  was e q u i v a l e n t  t o  t h a t  d e n o t e d  a s  AGP 3 by W i l l s  e t  a l .
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( 1 9 7 4 , 1979) .  W i t h i n  t h e  zone t h r e e  p a t t e r n s  o f  b a n d i n g  o c c u r r e d ;  a
s i n g l e  s low  band a t  Rf a ,  a s i n g l e  f a s t  band a t  Rf c o r  3 b an d s  o f  Rf
a ,  b , c .  T h i s  b a n d i n g  p a t t e r n  i s  c o n s i s t e n t  w i t h  t h a t  d e s c r i b e d  by . *
W i l l s  e t  a l . (1 979 )  who r e p o r t e d  t h e  p r e s e n c e  o f  a n  i n t e r m e d i a t e  
h e t e r o d i m e r  band  i n  t r i p l e  b an d ed  h e t e r o z y g o t e  a t  t h e  ACP3 l o c u s .
2 . 3 . 5 . 2  B. o l e r a c e a
I n  c o n t r a s t  t o  w h a t  was found  i n  B. c a m p e s t r i s , enzyme a c t i v i t y  was 
c h a r a c t e r i s e d  by two z o n e s  i n  B. o l e r a c e a  ( l a n e  3 -  P i g s .  2 . 1 0  &
2 . 1 1 ) .  The f i r s t  zon e o f  a c t i v i t y  was s i m i l a r  t o  t h a t  o f  
B. c a m p e s t r i s , i . e .  d a r k l y  s t a i n e d  between  Rf x - y , ,  b u t  no s h a r p
 ^ b a n d i n g  p a t t e r n .  The s e c o n d  zone  was f o u r  b a n d e d ,  o f  w hich  t h e  f a s t e r
p a i r  was a l w a y s  a t  t h e  same d i s t a n c e  f rom t h e  o r i g i n  w h i l s t  t h e  s l o w e r
p a i r  was fou nd e i t h e r  a t  Rf x o r  y .
2 . 3 . 5 . 3  S y n t h e t i c  B.  n ap u s
The enzyme a c t i v i t y  o f  t h e  s y n t h e t i c s  was p r e s e n t  i n  f o u r  d i f f e r e n t  
z o n e s  on a g e l  ( l a n e  2 -  F i g s .  2 . 1 0  & 2 . 1 1 ) .  Zone one was e q u i v a l e n t  
t o  t h a t  fou nd  i n  B. c a m p e s t r i s  and B. o l e r a c e a . Zone two was t h r e e  
b a n d e d , w i t h  t h e  l o w e r  two bands  e q u i v a l e n t  t o  t h o s e  o f  B. o l e r a c e a  and  
B. c a m p e s t r i s  f a s t e r  bands  an d  t h e  u p p e r m o s t  w i t h  t h e  same a s  s low  
B. c a m p e s t r i s  b a n d s .  Zone t h r e e  which c o n s i s t e d  o f  a s i n g l e  band a t  
Rf z was n o t  p r e s e n t e d  i n  e i t h e r  o f  t h e  p a r e n t  s p e c i e s  w h i l e  zone  fou r ,  
wh ich r e p r e s e n t  t h e  ACP 3 zone  m en t io n ed  above,  c o n t a i n e d  a s i n g l e  
band a t  Rf  c w hich  was e q u i v a l e n t  to  t h e  f a s t  band p r e s e n t  i n  
B. c a m p e s t r i s .
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2 . 4 .  DISCUSSION AND CONCLUSIONS
By means o f  o v a r y  c u l t u r e ,  143 s y n t h e t i c s  o f  B. napus  we re  p r o d u c e d  
f rom 228 p o l l i n a t i o n s  (63 h y b r i d s / 100 p o l l i n a t i o n s )  a s  com pared w i t h  
t e n  f rom  88 p o l l i n a t i o n s  ( 1 1 . 3  h y b r i d s / 1 0 0  p o l l i n a t i o n s )  u s i n g  embryo 
c u l t u r e .  P r o d u c t i o n  o f  s y n t h e t i c s  by o v a r y  c u l t u r e  i n  B. c a m p e s t r i s  
was t h e r e f o r e  a p p r o x i m a t e l y  s i x  t i m e s  more s u c c e s s f u l  t h a n  t h a t  
p ro d u c e d  by embryo c u l t u r e  i n  B. o l e r a c e a . The p r o d u c t i o n  r a t e  o f  
s y n t h e t i c s  u s i n g  o v a r y  c u l t u r e  v a r i e d  b e tw een  p o l l e n  p a r e n t s  ( T a b l e  
2 . 6 ) .  W he th e r  t h i s  r e f l e c t s  d i f f e r e n c e s  i n  p o l l e n  f e r t i l i t y  o r  o t h e r  
f a c t o r s  i s  unknown. T a b l e  2 . 7  s u m m ar i se s  t h e  d a t a  o f  d i f f e r e n t  
w o r k e r s  who hav e  s u c c e s s f u l l y  s y n t h e s i s e d  B. napus  f rom c r o s s e s  o f  
B. c a m p e s t r i s  x B. o l e r a c e a  u s i n g  an  i n  v i t r o  c u l t u r e  p r o c e d u r e .  The 
r e s u l t s  o f  t h e  p r e s e n t  s t u d y  compare  w e l l  w i t h  t h o s e  o f  In o m a t a  (1 985)  
an d  c o n f i r m  t h e  h i g h  r a t e  o f  s u c c e s s  o b t a i n e d  u s i n g  o v a r y  c u l t u r e .  
M o r e o v e r ,  d e s p i t e  t h e  l o w e r  s u c c e s s  r a t e  a c h i e v e d  w i t h  embryo c u l t u r e ,  
t h e  l e v e l  o f  s u c c e s s  a c h i e v e d  i n  t h e  p r e s e n t  s t u d y  was an  im p ro v em en t  
on t h a t  o f  e a r l i e r  w o r k e r s  ( T a b l e  2 . 7 ) .
S u c c e s s f u l l y  d o u b l e d  d i h a p l o i d  p l a n t s  were  e a s i l y  i d e n t i f i e d .
They e x h i b i t e d  a t y p i c a l  B. n ap u s  m o rp ho logy ,  p r o d u c i n g  n o rm a l  buds  
and  a n t h e r  d e v e lo p m e n t  and were  u s u a l l y  f u l l y  f e r t i l e .  H a p l o i d  p l a n t s  
p r o d u c e d  t h i n  s m a l l  buds  w i t h  r e d u c e d  a n t h e r s  t h a t  l a c k e d  p o l l e n .  
Is o z y m e  b a n d i n g  p a t t e r n s  i n  t h e  h y b r i d s  ( s y n t h e t i c s )  r e f l e c t e d  a 
c o m b i n a t i o n  o f  t h e  d i s t i n c t i v e  p a t t e r n s  o f  t h e  p a r e n t s .  Zone a c t i v i t y  
o f  s y n t h e t i c s  c h a r a c t e r i s e d  w i t h  B. c a m p e s t r i s  Rf c band an d  zone 
t h r e e  s i n g l e  band  (T.  H od g k in ,  p e r s .  comm.).
S y n t h e t i c  a m p h i d i p l o i d  B. n ap u s  i s  e x p e c t e d  to  have 2n = 38 
chromosomes.  M i t o t i c  chromosome c o u n t s  were  c a r r i e d  o u t  on 14 p l a n t s
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d e r i v e d  f rom  s e v e n  d i f f e r e n t  g e n o t y p e s  and a l l  p l a n t s  had t h e  no rm al  
chromosome number  o f  38.  B as e d  on t h i s ,  i t  was c o n c l u d e d  t h a t  s e v e n  
d i f f e r e n t  s y n t h e t i c  B. n a p u s  p l a n t s  had been p r o d u c e d  w i t h  t h e  
f o l l o w i n g  S - a l l e l e  g e n o t y p e .  The g e n o t y p e s  s u b s c r i p t e d  a s  1-7 a r e  
r e f e r r e d  t o  a s  l i n e  numbers  1-7 i n  f o l l o w i n g  C h a p t e r s .
1 . ®29®29 Sb^b
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T a b l e  2 .1  Number o f  p o l l i n a t i o n s  r e q u i r e d  by v a r i o u s  w o r k e r s  t o  o b t a i n  
a h y b r i d  f rom t h e  c r o s s  B. c a m p e s t r i s  x B. o l e r a c e a  
'*  ( f ro m  McNaughton,  1963)
C ro s s  c o m b i n a t i o n s R e q u i r e d  number o f
f e m a l e  x male p o l l i n a t i o n s  p e r  h y b r i d
2n B. c a m p e s t r i s  x 2n B. o l e r a c e a 432
4n B . c a m p e s t r i s  x 4n B. o l e r a c e a 211
2n B. o l e r a c e a  x 2n B. c a m p e s t r i s ' 15 ,288
4n B. o l e r a c e a  x 2n B. c a m p e s t r i s 192
-  3 0  -
Table 2 . 2  Number o f  bud p o l l i n a t i o n s  made f o r  each
c r o s s  com bina t ion  i n  which ovary  c u l t u r e  was employed
C r o s s  c o m b i n a t i o n No. o f
B. c a m p e s t r i s X B. o l e r a c e a p o l l i n a t i o n s
f e m a l e male
86-155B X 8 3 -4 56 30
Sb^b ^29^29
86-155B X 8 3 -4 43 47
®b®b ^14^14
86-155B X 8 5 -3 5 3 53
SbSb ^ 2^2 '
85-155A X 83-456 33
^^29^29
86-155A X 83 -4 4 3 30
^14^1 4











Table  2 .3  Number o f  bud p o l l i n a t i o n s  made f o r  each
c r o s s  com bina t ion  i n  which embryo c u l t u r e  was l a t e r  employed
C ro s s co m b in a t i o n s No. o f  bud
B. o l e r a c e a X B. c a m p e s t r i s p o l l i n a t i o n s
f  em ale male
83 -4 5 6 86-155A 30
^29^29
8 3 -4 4 3 86-155A 25
^14^14 Sa^a
8 5 -3 5 3 86-155A 33
^2 ^2 Sa^a '
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T a b l e  2 . 6  R e s u l t s  o f  h y b r i d i s a t i o n  bet w een  B. c a m p e s t r i s  
and B. o l e r a c e a  by embryo c u l t u r e
C r o s s  1 
fe m a le
combina t i e n  
male
No. o f  
p o l l i n a t i o n s
No. o f  
p i s t i l s  
c u l t u r e d
No. o f  
embryos  
o b t a i n e d
No. o f  
p l a n t s  
o b t a i n e d
No. o f  
p l a n t s  
o b t a i n e d  
p e r  100 
p o l l i n a t e d
8 3 -4 56 86-155A 30 10 13 10 33
8 3 -4 43 U 25 12 . 0 0 0
8 5 -3 5 3 n 33 5 0 0 0
-  35
T a b l e  2 . 7  P a s t  and p r e s e n t  -  r e s u l t s  o f  t h e  p r o d u c t i o n  o f  t h e  
i n t e r s p e c i f i c  h y b r i d s  b e tw e en  B. c a m p e s t r i s  an d  B. o l e r a c e a
A u t h o r  and Year
No. o f  
f l o w e r s  
p o l l i n a t e d
No. o f  
h y b r i d s  
o b t a i n e d
No. o f  
h y b r i d s  
p e r  100 
p o l l i n a t i o n s
1 . U (1935) 732 4 0 . 5 4
2. Ho ffmann & P e t e r s  (1 958) 2 0 , 2 8 3 48 0 . 2 4
3. O l s s o n  (196 0b ) 7 ,4 3 4 15 0 . 2 0
4. N i s h i  e t  a l . ^  (1970) 539 17 3 . 1 8
5: S n e l l  (1977)^ 100 8 8 . 0
6. In o m a ta  ( 1 9 7 8 a ) ^ 116 15 12.9
7. I n o mata  (1 9 7 8 b ) ^ 692 44 6 . 3 5
8. In o m a t a  ( 1 9 8 5 ) ^ 568 381 6 7 . 0 7
9. P r e s e n t  r e s u l t s ^ 88 10 11 .36
10. 2P r e s e n t  r e s u l t s 228 143 6 3 . 0
 ^ Embryo c u l t u r e  
2 Ovary c u l t u r e
-  36 -
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F i g .  2 . 2 .  I n  v i t r o  c u l t u r e d  p i s t i l s  o f  a c r o s s  b e tw e en  B. o l e r a c e a  x 
B. c a m p e s t r i s  on m o d i f i e d  N i t s c h  and N i t s c h ' s  medium, a f t e r  18 days  o f  
c u l t u r e .  Arrows i n d i c a t e  t h e  p l a c e s  where  embryos  have d e v e l o p e d .
-  37 -
F i g .  2 . 3 . Growth o f  an embryo o f  B. o l e r a c e a  x B. c a m p e s t r i s  10 days
a f t e r  c u l t u r i n g  on b a s i c  embryo c u l t u r e  media.
-  38 -
F i g .  2 . 4 .  Growth o f  an embryo o f  B. o l e r a c e a  x B. c a m p e s t r i s  3 weeks
a f t e r  c u l t u r i n g  on b a s i c  embryo c u l t u r e  media.
i -  39 -
F i g .  2 . 5 .  A 10 week o l d  c u l t u r e  o f  a h y b r i d  embryo s h o w in g  m u l t i p l e  
s h o o t  f o r m a t i o n .  (Arrow i n d i c a t e s  t h e  c a l l u s i n g ) .
-  40 -
F i g .  2 . 6 .  H ybr i d  B. napus  ( d i h a p l o i d )  p l a n t s  o b t a i n e d  f rom o v a r y  
c u l t u r e .
r
— 4 1  —
F i g .  2 . 7 .  S t a g e s  o f  embryo d e v e lo p m e n t  1: H e a r t ,  2 and 3: T o rp e d o ,  
4: L a t e  t o r p e d o ,  5: W a lk in g  s t i c k ,  6: Matu re  embryo.
-  42 -
F i g .  2 . 8 .  H y b r id  B. napu s  p l a n t  d e r i v e d  from o v a r y  c u l t u r e  -  sh o w in g  
l e a f  an d  f l o w e r  m orp h o lo g y .
No te :*  Lobed l e a v e s  and a l m o s t  w h i t e  f l o w e r s .
-  4 3  -
F i g .  2 . 9 .  L e a f  and f l o w e r  m orph ology o f  t h e  p a r e n t s  o f  t h e  h y b r i d  
B. n a p u s .
1. B.* o l e r a c e a  p a r e n t .
N ote :  Whi te  f l o w e r s  and l e a f  s h a p e .
2 .  B. c a m p e s t r i s  p a r e n t .
N ote :  Ye l low f l o w e r s  and l o b e d  l e a v e s .
A;
.« A '  --n'
-  4 4  -
F i g .  2 . 1 0 .  E l e c t r o p h o r e t i c  p a t t e r n s  o f  e x t r a c t s  o f  l e a f  s a m p le s  f rom 
s y n t h e t i c  B. n ap u s  and p a r e n t s  B. o l e r a c e a  and B. c a m p e s t r i s .
Lane 1 : A c i d p h o s p h a t a s e b a n d i n g o f  B. c a m p e s t r i s  ( S ^ ) .
Lane 2: Ac id p h o s p h a t a s e b a n d i n g o f  B. napus  l i n e  1 (SL, S^)
Lane 3: Ac id p h o s p h a t a s e b a n d i n g o f  B. o l e r a c e a  ( S ^ ^ ) .
-  45
F i g .  2 . 1 1 . :  E l e c t r o p h o r e t i c  p a t t e r n s  o f  e x t r a c t s  o f  l e a f  s a m p le s  from
s y n t h e t i c  B. napus  and p a r e n t s  B. o l e r a c e a  and B. c a m p e s t r i s .
Lane 1: Ac id  p h o s p h a t a s e  b a n d i n g  o f  B. c a m p e s t r i s  ( S ^ ) .
Lane 2: Ac id  p h o s p h a t a s e  b a n d i n g  o f  B. napus  l i n e  4 ( S ^ g S ^ ) .
Lane 3: Ac id  p h o s p h a t a s e  b a n d i n g  o f  B. o l e r a c e a  (S 29
-  46 -
CHAPTER 3
SELF- AND CROSS-INCOMPATIBILITY STATUS OF SYNTHETICS
3 . 1 .  INTRODUCTION
As s t a t e d  i n  C h a p t e r  1, B. n a p u s  i s  u s u a l l y  s e l f - c o m p a t i b l e ,  d e s p i t e  
t h e  f a c t  t h a t  b o t h  p a r e n t a l  s p e c i e s  p o s s e s s  a s p o r o p h y t i c  s e l f ­
i n c o m p a t i b i l i t y  s y s t e m ,  c o n t r o l l e d  by a m u l t i p l e  s e r i e s  o f  S - a l l e l e s  
a t  a s i n g l e  l o c u s  (Bat em an ,  1955;  Thompson,  1957; Mackay,  197 7 b ) .  
However,  O l s s o n  (1 960a )  fo u n d  n a t u r a l l y  o c c u r r i n g  l i n e s  o f  s e l f ­
i n c o m p a t i b l e  B. n ap u s  s s p .  o l e i f e r a  a n d ,  m o r e o v e r ,  showed t h a t  
 ^ a r t i f i c i a l l y  p r o d u c e d  B. n a p u s  c o u l d  e x h i b i t  s e l f - i n c o m p a t i b i l i t y .  
Gowers (1974)  h a s  a l s o  r e p o r t e d  s e l f - i n c o m p a t i b i l i t y  i n  B. napus  s s p .  
r a p i f e r a  and f u n c t i o n a l  S - a l l e l e s  have bee n  s u c c e s s f u l l y  i n t r o g r e s s e d  
i n t o  f o r a g e  r a p e  B. napus  s s p .  L. f rom t u r n i p s ,  B. c a m p e s t r i s  ( M ack ay , 
197 6) .
I n  t h e  e a r l y  p a r t  o f  t h e  p r e s e n t  r e s e a r c h  ( d e s c r i b e d  i n  C h a p t e r  
2 ) ,  s ev e n  B. napus  l i n e s  we re  p r o d u c e d  u s i n g  p a r e n t s  o f  known S - a l l e l e  
c o n s t i t u t i o n .  The o b j e c t i v e  o f  t h e  work r e p o r t e d  i n  t h i s  C h a p t e r  was 
t o  d e t e r m i n e  t h e  s e l f - i n c o m p a t i b i l i t y  s t a t u s  o f  t h e s e  l i n e s ,  and t h e  
a c t i v i t y  and  i n t e r a c t i o n s  o f  t h e  p a r e n t a l  S - a l l e l e s  i n  s y n t h e t i c  
B. n a p u s .
The a p p r o a c h  ch o s e n  was t o  i n t e r c r o s s  a l l  s e v e n  l i n e s ,  i n  a l l  
c o m b i n a t i o n s ,  a n d ,  f u r t h e r ,  t o  c r o s s  them r e c i p r o c a l l y  w i t h  t h e  
p a r e n t a l  S - a l l e l e  h o m o z y g o t e s .  T hese  c r o s s e s  w e re  ex amined  to  
d e t e r m i n e  t h e  e x t e n t  t o  w h ich  p o l l e n  t u b e s  had p e n e t r a t e d  t h e  
s t i g m a t i c  s u r f a c e  u t i l i s i n g  t h e  s t a i n i n g  p r o c e d u r e s  o f  M a r t i n  ( 1 9 5 9 ) .
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3 . 2 .  MATERIALS AND METHODS
The o r i g i n  o f  t h e  s y n t h e t i c  l i n e s  o f  B. napus  u s e d  i n  t h e  p r e s e n t  
s t u d y  was d e s c r i b e d  i n  C h a p t e r  2 .  The g e n o t y p i c  s t a t u s  o f  t h e s e  l i n e s  








P l a n t s  o f  each  l i n e  w e re  m a i n t a i n e d  i n  1 3 .2  mm p o t s ,  w a t e r e d  
d a i l y ,  t r e a t e d  w i t h  H o a g l a n d ’ s  s o l u t i o n  ( s e e  A ppend ix  3) once  a week,  
and  m a i n t a i n e d  a t  a p p r o x i m a t e l y  2 0 ° / l 4 ° C  d a y / n i g h t  t e m p e r a t u r e  u n t i l  
t h e y  began t o  f l o w e r .
3 . 2 . 1 .  E x p e r im e n t  I
I n t e r c r o s s e s  were  made b e tw e en  a l l  s e v e n  l i n e s .  A l l  p o s s i b l e  c r o s s e s  
were  made b e tw e e n  ea c h  l i n e ,  u s i n g  3 p l a n t s  p e r  l i n e .  T e s t  
p o l l i n a t i o n s  w e re  c a r r i e d  o u t  on f i v e  newly op en ed  f l o w e r s ,  and p o l l e n  
t u b e  p e n e t r a t i o n  a s s e s s e d , a s  d e s c r i b e d  l a t e r  i n  t h i s  C h a p t e r .  A l l  
t e s t  p o l l i n a t i o n s  were  r e p e a t e d  u s i n g  t h r e e  f l o w e r s  an d  a l l  p l a n t s  
were  p o l l i n a t e d  w i t h  p o l l e n  f rom a known c o m p a t i b l e  c r o s s ,  so t h a t  
a l l o w a n c e  c o u l d  be made f o r  f e m a l e  s t e r i l i t y  when a s s e s s i n g  
c o m p a t i b i l i t y  l e v e l s .  I n  a d d i t i o n  t o  t h e s e  t r e a t m e n t s ,  ea ch  l i n e  was 
s e l f - p o l l i n a t e d  t o  d e t e r m i n e  i t s  s e l f - i n c o m p a t i b i l i t y .
-  4 8
3 - 2 . 2 .  Exper im en t  I I
A l l  seVen l i n e s  were  r e c i p r o c a l l y  c r o s s e d  w i t h  t h e  B. o l e r a c e a  and 
B. c a m p e s t r i s  p a r e n t a l  l i n e s  t h a t  were  homozygous  f o r  t h e  
S g , and a l l e l e s .  These  t e s t  p o l l i n a t i o n s  were  c a r r i e d  o u t  on 
t h r e e  newly  op en ed  f l o w e r s  and p o l l e n  t u b e  p e n e t r a t i o n  a s s e s s e d  a s  
d e s c r i b e d  l a t e r  i n  t h i s  C h a p t e r .  Each p o l l i n a t i o n  was r e p e a t e d  on a t  
l e a s t  t h r e e  f l o w e r s  p e r  c r o s s .
3 . 2 . 3 . D e t e r m i n a t i o n  o f  p o l l e n  t u b e  p e n e t r a t i o n
 ^ A l l  t h e  r e q u i r e d  p o l l i n a t i o n s  were  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  on 
open  f l o w e r s  by b r u s h i n g  f r e s h l y  d e h i s c e d  a n t h e r s  o f  t h e  r e q u i r e d  
p o l l e n  p a r e n t  o n t o  t h e  s t i g m a t i c  s u r f a c e  o f  a f l o w e r  f rom wh ich t h e  
' a n t h e r s  had been removed b e f o r e  d e h i s c e n c e .  A f t e r  24 h o u r s  t h e  e n t i r e  
gyno ec ium was removed an d  f i x e d  i n  a p p r o x i m a t e l y  2 ml o f  c h l o r o -  
a c e t i c - a l c o h o l  p r e p a r e d  a s  f o l l o w s : -
A b s o l u t e  a l c o h o l  60 ml
C h l o r o f o r m  30 ml
A c e t i c  a c i d  10 ml
P i s t i l s  were  l e f t  i n  f i x a t i v e  f o r  2 -2 4  h o u r s ,  r i n s e d  i n  d i s t i l l e d  
w a t e r  f o r  a b o u t  30 s e c o n d s  and s o f t e n e d  i n  IN NaOH f o r  one h o u r  a t  
60°C.  They were  t h e n  l e f t  t o  s t a i n  i n  a s o l u t i o n  o f  0.1% w a t e r -  
s o l u b l e  a n i l i n e  b l u e  i n  0 .1N t r i p o t a s s i u m  p h o s p h a t e  (K^PO^).
S u f f i c i e n t  s t a i n i n g  o f  t h e  t i s s u e  u s u a l l y  o c c u r r e d  a f t e r  t h r e e  t o  f o u r  
h o u r s .  For  e x a m i n a t i o n ,  p i s t i l s  we re  mounted i n  80% g l y c e r o l  and 
g e n t l y  s q u a s h e d  by t o u c h i n g  t h e  c o v e r  s l i p  w i t h  t h e  f o r c e p s .  Cou nt s
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o f  p o l l e n  t u b e s  were  made w i t h i n  a day, a f t e r  w hich  t h e  s l i d e s  were  
d i s c a r d e d .  A Z e i s s  u n i v e r s a l  m i c r o s c o p e  w i t h  i n c i d e n t  i l l u m i n a t i o n  
was u s e d  w i t h  b a r r i e r  an d  e x c i t e r  f i l t e r s ,  p r o v i d i n g  a maximum l e v e l  o f  
l i g h t  t r a n s m i s s i o n  a t  wave l e n g t h s  365 and 4 0 4 . 7  nm.
The f l u o r e s c e n t  p r o p e r t i e s  o f  p o l l e n  t u b e s  s t a i n e d  w i t h  a n i l i n e  
b l u e  we re  f i r s t  f u l l y  d e s c r i b e d  by M a r t i n  ( 1 9 5 9 ) .  A n i l i n e  b l u e  i s  a 
w a t e r - s o l u b l e  a c i d  dye o f  t h e  t r i p h e n y l a m i n e  s e r i e s  w i t h  m o l e c u l a r  
w e i g h t  o f  738.  I t  s t a i n s  t h e  c a l l o s e  l a y e r  o f  t h e  p o l l e n  t u b e  w a l l  
an d  c a l l o s e  p l u g s  w i t h i n  t h e  p o l l e n  t u b e ,  such  t h a t  t h e y  f l u o r e s c e  
y e l l o w  t o  g r e e n  i n  uv l i g h t .  C a l l o s e  i s  a c e l l  w a l l  p o l y s a c c h a r i d e  -;4
composed o f  b e t a  1-3 g l u c a n  u n i t s  ( C u r r i e r ,  1 9 5 7 ) .  I t  i s  common i n  9
phloem s i e v e  t u b e s  and t h e  t a p e t u m  o f  t h e  d e v e l o p i n g  p o l l e n  g r a i n ,  a s  
 ^ w e l l  a s  i n  t h e  p o l l e n  t u b e .  C u r r i e r  r e p o r t e d  t h a t  c a l l o s e  i s  r a p i d l y  
s y n t h e s i s e d  d u r i n g  d i f f e r e n t i a t i o n  o f  c e r t a i n  p l a n t  t i s s u e s ,  
e s p e c i a l l y  f o l l o w i n g  wound ing  o r  i n f e c t i o n  by a p a t h o g e n .
I n  i n c o m p a t i b l e  p o l l i n a t i o n s  c a l l o s e  f o r m a t i o n  p r o v i d e s  a u s e f u l  
p h e n o t y p i c  b i o a s s a y ,  r e l a t i n g  t o  r e j e c t i o n  phenomena.  H e s l o p - H a r r i s o n  
e t  a l . (1973)  showed t h e  r e j e c t i o n  i n c l u d e s  t h e  d e p o s i t i o n  o f  
l e t i c u l e s  o f  c a l l o s e  i n  t h e  s t i g m a  p a p i l l a e  a d j a c e n t  t o  t h e  
i n c o m p a t i b l e  p o l l e n  and w i t h i n  t h e  g e r m i n a t i n g  p o l l e n  t u b e s , a s  w e l l  a s  
t h e  t i p s  o f  t h e  r e j e c t e d  t u b e s .
3 - 3 .  RESULTS AND ANALYSIS
3 . 3 . 1 .  C o m p a t ib l e  and i n c o m p a t i b l e  p o l l i n a t i o n s
T h r o u g h o u t  t h e  p r o j e c t ,  l a r g e  numbers  o f  c o m p a t i b l e  and i n c o m p a t i b l e  
p o l l i n a t i o n s  were  ex a m in e d .  I n  t h i s  s t u d y ,  a c o m p a t i b l e  c r o s s  was
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c o n s i d e r e d  t o  be  one i n  w h ich  t h e  number o f  p o l l e n  t u b e s  p e r  s t i g m a  
was ab o v e  30 and an  i n c o m p a t i b l e  one below 20 ( s e e  s e c t i o n  3 ,  b e lo w ,  
f o r  d i s c u s s i o n  o f  t h i s ) .  A c c u ra c y  i n  c o u n t i n g  p o l l e n  t u b e s  f o l l o w i n g  
a  c o m p a t i b l e  p o l l i n a t i o n  was e x t r e m e l y  d i f f i c u l t .  G r e a t  v a r i a t i o n  i n  
t h e  a p p e a r a n c e  o f  b o t h  c o m p a t i b l e  and  i n c o m p a t i b l e  p o l l i n a t i o n s  was 
n o t e d .
S t i g m a s  w hi ch  have  b ee n  p o l l i n a t e d  w i t h  c o m p a t i b l e  p o l l e n  e x h i b i t  
a mass o f  b r i g h t l y  s t a i n e d  f l u o r e s c e n t  m a t e r i a l .  With  c a r e f u l  
s q u a s h i n g , i t  i s  o f t e n  p o s s i b l e  t o  a c h i e v e  r e a s o n a b l e  s e p a r a t i o n  o f  
t h i s  f l u o r e s c e n t  mass an d  t o  d i s t i n g u i s h  t h e  i n d i v i d u a l  p o l l e n  t u b e s  
( F i g .  3 - 1 ) .  P o l l e n  g r a i n s  a r e  o b s e r v e d  a t t a c h e d  t o  t h e  p a p i l l a e  a s  
 ^ d a r k  c i r c u l a r  b o d i e s , w i t h  a f a i n t l y  f l u o r e s c e n t  r im  an d  a y e l l o w  
f l u o r e s c e n t  s p o t  a t  t h e  p o i n t  o f  t u b e  em e r g e n c e .  P o l l e n  t u b e s  wh ich  
have  p e n e t r a t e d  t h e  s t i g m a t i c  p a p i l l a e  i m m e d i a t e l y  d e p o s i t  a 
r e l a t i v e l y  l a r g e  am ou nt  o f  f l u o r e s c e n t  c a l l o s e  m a t e r i a l .  F o l l o w i n g  
p e n e t r a t i o n ,  i n d i v i d u a l  p o l l e n  t u b e s  grow down t h e  s i d e  o f  t h e  
p a p i l l a e  c e l l s  u s u a l l y  a t  a d e n s i t y  o f  no g r e a t e r  t h a n  one p e r  
p a p i l l a .  W h i le  g ro w th  t h r o u g h  t h e  p a p i l l a e  may a p p e a r  uneven  an d  be 
a s s o c i a t e d  w i t h  t h e  d e p o s i t i o n  o f  r e l a t i v e l y  l a r g e  am oun ts  o f  c a l l o s e ,  
t u b e  g ro w th  t h r o u g h  t h e  r e s t  o f  t h e  s t i g m a ,  an d  i n  t h e  s t y l e ,  i s  
e x t r e m e l y  r e g u l a r  ( F i g .  3 . 2 ) .  Tubes  a p p e a r  t o  be  a l m o s t  s t r a i g h t  and 
s m o o t h - w a l l e d  w i t h  o c c a s i o n a l  c a l l o s e  p l u g s  o c c u r r i n g  t h r o u g h o u t  t h e i r  
l e n g t h .  I n  t h e  s t y l e ,  t h e  t u b e s  merge i n t o  a cone u n t i l  t h e y  r e a c h  
t h e  o v a r y  a t  w h ich  p o i n t  t h e y  s p r e a d  o u t  and a p p e a r  t o  w ander  
i n d i v i d u a l l y  t h r o u g h  t h e  o v a r y  t i s s u e .  As t h e  t u b e  e n t e r s  an  o v u l e . i t  
t e n d s  t o  t h i c k e n  w i t h  t h e  d e p o s i t i o n  o f  g r e a t e r  am oun ts  o f  c a l l o s e .  
P e n e t r a t i o n  o f  a n  o v u l e  by more t h a n  one p o l l e n  t u b e  i s  e x t r e m e l y  r a r e
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a l t h o u g h  t h e  t u b e  t h a t  e n t e r s  an  o v u l e  so m e t im e s  a p p e a r s  t o  d i v i d e  
s h o r t l y  b e f o r e  e n t r y .  A f t e r  e n t r y ,  i t  c e a s e s  t o  be v i s i b l e  ( F i g .  3 - 3 ) .
The f a t e  o f  t u b e s  w hich  do n o t  r e a c h  an  o v u l e  i s  n o t  c l e a r .  S i n c e  
, «
o v e r  100 t u b e s  may p e n e t r a t e  t h e  s t i g m a  t o  f e r t i l i s e  2 0 -3 0  o v u l e s  and 
o n l y  20 s e e d s  be s e t ,  t h e r e  must  be c o n s i d e r a b l e  w a s t a g e .  C o u n t s  o f  
t u b e  numbers  made a t  t h e  t o p  o f  t h e  o v a r y  would  seem t o  i n d i c a t e  t h a t  
more t h a n  h a l f  o f  t h e  p e n e t r a t i n g  t u b e s  f a i l  t o  r e a c h  t h i s  p o i n t  ( s e e  
a l s o  Ockendon,  197 2 ) .  Some hav e  bee n  o b s e r v e d  t o  grow d i r e c t l y  
t h r o u g h  t h e  o v a r y  and o t h e r s ,  w h i l e  t r a v e l l i n g  l a t e r a l l y  t o w a r d s  
o v u l e s ,  f a i l  t o  e n t e r  an  o v u l e .
A l t h o u g h  t h e  ab o v e  may be t r u e  f o r  t h e  g r e a t  m a j o r i t y  o f  p i s t i l s  
p o l l i n a t e d  w i t h  c o m p a t i b l e  p o l l e n ,  c o n s i d e r a b l e  v a r i a t i o n  can o c c u r .
 ^ O f t e n  p o l l e n  t u b e s  a r e  o b s c u r e  i n  t h e  s t i g m a  and u p p e r  p a r t  o f  t h e  
s t y l e ,  and o n l y  become d i s t i n c t  a s  t h e y  move down t h r o u g h  t h e  s t y l e .
I n  some e x t r e m e  c a s e s ,  s u c h  p o o r  r e s o l u t i o n  i s  a s s o c i a t e d  w i t h  t h e  -I
a b s e n c e  o f  a n y  c l e a r  p l u g  f o r m a t i o n  i n  t h e  t u b e s  wh ich  a p p e a r  to  
p o s s e s s ,  i n s t e a d ,  a l a r g e  number  o f  v e r y  s m a l l  d e p o s i t i o n s  wh ich  
f l u o r e s c e  o n l y  f a i n t l y .
I n  a f u l l y  i n c o m p a t i b l e  p o l l i n a t i o n  no t u b e s  w i l l  p e n e t r a t e  I
t h r o u g h  t h e  s t i g m a t i c  p a p i l l a e .  However,  t h e r e  i s  f r e q u e n t l y  
c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  e x t e n t  o f  g r a i n  d e v e l o p m e n t .  The most  
e x t r e m e  m a n i f e s t a t i o n  o f  i n c o m p a t i b i l i t y  i s  one  i n  w h ich  no p o l l e n  
g r a i n s  a r e  v i s i b l e  on t h e  s t y l e  a s  t h e y  a r e  p r e s u m a b l y  washed  o f f  
d u r i n g  p r o c e s s i n g ,  h a v i n g  f a i l e d  t o  a d h e r e  t o  t h e  s t i g m a t i c  s ü r f a c e .
I n  s u ch  c a s e s  t h e r e  i s  l i t t l e  o r  no f l u o r e s c e n t  t i s s u e  p r e s e n t ,  a p a r t  
f rom p a p i l l a e  ( F i g s .  3 . 4 ) .
I n  most  i n c o m p a t i b l e  p o l l i n a t i o n s ,  p o l l e n  g r a i n s  a d h e r e  t o  t h e  
s t i g m a  and  o f t e n  show a d e g r e e  o f  g e r m i n a t i o n .  The e x t e n t  o f  t h i s ‘Î
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g e r m i n a t i o n , w i t h o u t  a p p a r e n t  s t i g m a  p e n e t r a t i o n , c a n  v a r y  and so m e t im e s  
r e a c h e s  e x t r e m e  p r o p o r t i o n s , w i t h  t u b e s  g r o w in g  t o  more t h a n  t w i c e  t h e  
diamet fe r  o f  t h e  p o l l e n  g r a i n  an d  c u r l i n g  roun d t h e  p a p i l l a .  However,  
even when p o l l e n  t u b e s  a p p e a r  t o  p e n e t r a t e  t h e  p e l l i c l e ,  c u t i c l e  o r  
c e l l u l o s e  p e c t i n  l a y e r  o f  t h e  p a p i l l a  c e l l ,  t h e y  do n o t  grow o u t  f rom 
t h e  b a s e  o f  t h e  p a p i l l a e  and i t  was t h i s  c h a r a c t e r  t h a t  was u s e d  t o  
d i s t i n g u i s h  a s u c c e s s f u l  t u b e  f rom an u n s u c c e s s f u l  one i n  a s s e s s m e n t  
o f  t h e  d e g r e e  o f  i n c o m p a t i b i l i t y .
Cou nts  were  made i n  t h e  s t i g m a  i m m e d i a t e l y  belo w t h e  p a p i l l a  l a y e r  
w h e r e v e r  p o s s i b l e ,  and a s  c o n f i r m a t i o n ,  a f u r t h e r  c o u n t  was made a t  
t h e  t o p  o f  t h e  s t y l e .  I n  t h e  s t y l e ,  p o l l e n  t u b e s  and phloem s i e v e  
t u b e s  may o c c a s i o n a l l y  be c o n f u s e d  and t h e  d i f f e r e n c e s  i n  a p p e a r a n c e  
d e s c r i b e d  by Chu Chou & H a r b e r d  (1970)  p ro v e d  u s e f u l  t o  d i s t i n g u i s h  
them.
3 . 3 .2  D e t e r m i n i n g  t h e  d e g r e e  o f  i n c o m p a t i b i l i t y ,
P o l l e n  t u b e  c o u n t s  p e n e t r a t i n g  t h e  s t i g m a  p r o v i d e d  t h e  d a t a  u s e d  t o  
d e t e r m i n e  t h e  c o m p a t i b i l i t y  o r  i n c o m p a t i b i l i t y  o f  t h e  t e s t  
p o l l i n a t i o n s .  O t h e r  w o r k e r s  have  u s e d  s e e d  s e t  d a t a  and t h e  p r e s e n c e  
o f  S - a l l e l e  s p e c i f i c  g l y c o p r o t e i n s  i n  s t i g m a s  t o  d e t e r m i n e  S - a l l e l e  
c o n s t i t u t i o n  an d  t h e  s e l f - i n c o m p a t i b i l i t y  l e v e l  i n  B r a s s i c a  sp p  ( e . g .  
Thompson, 1957; N a s r a l l a h  & W a l l a c e ,  1967b; N a s r a l l a h  e t  a l . , 1970;  
N i s h i o  & H i n a t a ,  1977,  1979;  and R o b e r t s  e t  a l . ,  197 9 ) .  Seed  s e t  
p r o v i d e s  a much more i n d i r e c t  m easu re  t h a n  p o l l e n  t u b e  number o f  t h e  
c o m p a t i b i l i t y  o f  a p o l l i n a t i o n , s i n c e  i t  i s  s u b j e c t  t o  f e r t i l i s a t i o n  
and p o s t - f e r t i l i s a t i o n  f a c t o r s  t h a t  a f f e c t  t h e  f i n a l  number  o f  s e e d s
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p r o d u c e d .  A l th o u g h  s t i l l  u s e d  ( e . g .  Gemmell e t  a l . , 1 9 8 9 ) ,  s e e d  s e t
numbers a r e  l e s s  s a t i s f a c t o r y  e s t i m a t o r s  o f  i n c o m p a t i b i l i t y  t h a n
p o l l e n  t u b e  p e n e t r a t i o n .  The p r e s e n c e  o f  s t i g m a t i c  g l y c o p r o t e i n s ,
. *
even  when S - s p e c i f i c  o n es  have been i d e n t i f i e d ,  p r o v i d e s  no d a t a  on S -  
a l l e l e  a c t i v i t y ,  an d  t h e  d e g r e e  o f  i n c o m p a t i b i l i t y .  I n d e e d ,  a s  w i l l  
be shown i n  C h a p t e r  7,  S - a l l e l e  c o r r e l a t e d  p r o t e i n s  may be p r e s e n t  
eve n  when t h e  a l l e l e  i s  i n a c t i v e .
As n o t e d  a b o v e ,  i n h i b i t i o n  o f  p o l l e n  t u b e s  on t h e  s t i g m a t i c  
s u r f a c e  i s  c h a r a c t e r i s t i c  o f  t h e  i n c o m p a t i b i l i t y  r e s p o n s e ,  and R o b e r t s  
e t  a l . (1 9 8 4 a )  have shown t h a t  t h i s " i s  a s s o c i a t e d  w i t h  a  r e a c t i o n  
o c c u r r i n g  a t  t h e  s u r f a c e  o f  t h e  s t i g m a t i c  p a p i l l a e .  C o n s i d e r a b l e  
d i f f i c u l t i e s  we re  e n c o u n t e r e d  i n  d i s t i n g u i s h i n g  c o m p a t i b l e  and 
i n c o m p a t i b l e  p o l l i n a t i o n s ,  on t h e  b a s i s  o f  t u b e  nu m b e r s .  V a r i a t i o n  i n  
p o l l e n  t u b e  numbers  b e tw e en  f l o w e r s  u s e d  i n  t h e  same t e s t  c r o s s  was 
o f t e n  c o n s i d e r a b l e .  I n  e x t r e m e  c a s e s ,  a d j a c e n t  f l o w e r s  c o u l d  a p p e a r  
f u l l y  c o m p a t i b l e  (>75 t u b e s )  o r  f u l l y  i n c o m p a t i b l e  (0  t u b e s )  a l t h o u g h  
t h i s  was r a r e .  However,  a s i g n i f i c a n t  number o f  p o l l i n a t i o n s  ga v e  t u b e  
numbers  ab o v e  0 ,  b u t  w e l l  be low t h e  number ( 30+) t h a t  would  be 
e x p e c t e d  i n  a n o r m a l l y  f u n c t i o n i n g  f u l l y / c o m p a t i b l e  p o l l i n a t i o n .  As 
F i g .  3 . 5  show s ,  a p p r o x i m a t e l y  80% o f  t e s t  r e s u l t s  can be c l e a r l y  
d i s t i n g u i s h e d  a s  h a v i n g  l e s s  t h a n  10 o r  more t h a n  50 p o l l e n  t u b e s  p e r  
s t i g m a .  From F i g .  3 . 5 . i t  can  be  s e e n  t h a t  t h e  s m a l l e s t  c l a s s  was t h a t  
c o n t a i n i n g  2 1 -3 0  p o l l e n  t u b e s .  I t  was t h e r e f o r e  d e c i d e d  t o  c o n s i d e r  
a c r o s s  wh ich y i e l d e d  a mean o f  o v e r  30 p o l l e n  t u b e s  p e r  s t i g m a  a s  
c o m p a t i b l e ,  w h i l e  c r o s s e s  wh ich  y i e l d e d  l e s s  t h a n  20 t u b e s  p e r  s t i g m a  
a s  i n c o m p a t i b l e .  I n t e r m e d i a t e s  w hich  gave 21-30  p o l l e n  t u b e s  w e re  
e v a l u a t e d  i n d i v i d u a l l y .
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3 - 3 -3 .  R e s u l t s  o f  Expe r im ent  I
I n t e r l i n e  p o l l i n a t i o n  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  3 . 1 .  Each l i n e ,  
e x c e p t  l i n e  5 , was f u l l y  s e l f - i n c o m p a t i b l e  w i t h  mean t u b e  numbers  o f  0, 
L in e  5 was s e l f - c o m p a t i b l e  w i t h  a mean t u b e  number o f  41.  U s i n g  t h e  
c r i t e r i a  t h a t  be low 20 t u b e s  p e r  t e s t  i s  i n c o m p a t i b l e  and o v e r  20 i s  
c o m p a t i b l e ,  one  can  dedu ce t h e  a c t i v i t y  o f  t h e  S - a l l e l e s  i n  a l l  t h e  
s e v e n  l i n e s .
3 - 3 . 3 . 1 .  L i n e  1 -
The r e a c t i o n s  o f  l i n e  1 w i t h  t h e  o t h e r  l i n e s  were  a s  f o l l o w s :
L in e  no . A l l e l i c ®29®b male f e m a l ec o n s t i t u t i o n
2 h A + +
3 + —
4 ®29®a -  -
5 4- 4"
6 SgSa 4- 4-
7 ®29®a — —
L in e  1 was i n c o m p a t i b l e  i n  b o t h  d i r e c t i o n s  w i t h  l i n e s  4 and 7 w i t h  
n e v e r  more t h a n  5 t u b e s  p r o d u c e d  p e r  s t i g m a .  T h i s  showed t h a t  was
a c t i v e  i n  b o t h  p o l l e n  and s t i g m a  o f  l i n e  1. The l i n e  was f u l l y
c o m p a t i b l e  w i t h  l i n e s  wh ich  d i d  n o t  p o s s e s s  an y  common S - a l l e l e s ,  
a l t h o u g h  p o l l e n  f rom l i n e  6 gav e  a mean t u b e  number o f  24 w i t h  a  r a n g e
f rom 0 t o  >75 ,  e i t h e r  t h r o u g h  p o o r  p o l l e n  f e r t i l i t y  o r  b e c a u s e  o f  some
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i n t e r a c t i o n  u n r e l a t e d  t o  S - a l l e l e  i d e n t i t y .  P o l l i n a t i o n s  w i t h  l i n e s  2 
and 3 ( p o s s e s s i n g  S^) a s  f e m a l e  p a r e n t s  were  c o m p a t i b l e ,  p r o v i d i n g  
e v i d e n c e  t h a t  e i t h e r  S^g was d o m in a n t  to  S^ i n  p o l l e n  o f  l i n e  1, o r  
a l l e l e s  S^^ an d  S^ were  b o t h  d o m in a n t  t o  S^ i n  t h e  s t i g m a  o f  l i n e s  2 
and 3 ( s e e  b e l o w ) .  P o l l e n  f rom  l i n e  3 was i n c o m p a t i b l e  i n  s t i g m a s  o f  
l i n e  1 d e m o n s t r a t i n g  t h a t  S^ was a c t i v e  i n  t h e  s t i g m a .  (Thus  
i n d i c a t i n g  t h a t  i n  l i n e  2 ,  S^^ was d o m in an t  t o  S^ i n  t h e  p o l l e n  ). 
T h e r e f o r e  S^g and S^ were  c o d o m i n a n t  i n  s t i g m a  (S^g = S ^ ^ ) .
3 . 3 . 3 . 2 .  L i n e  2 -
The r e a c t i o n  o f  l i n e  2 w i t h  o t h e r  l i n e s  was a s  f o l l o w s
L in e  No. A l l e l i c 8 1 i|^b male f e m a l ec o n s t i t u t i o n
1 S29®b 4" 4-
3 SgSb 4- -
4 329=3 4- 4-
5 = 14=3 4" —
6 =23a 4- 4-
7 =29=3 4- 4-
The r e s u l t s  f rom i n t e r c r o s s e s  u s i n g  l i n e  2 a s  p o l l e n  were  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  was d o m in a n t  t o  S i n  p o l l e n  
(S^^ > a l t h o u g h  t h e  c r o s s  be tw e en  l i n e  5 s t i g m a  and l i n e  2
p o l l e n  gave a  c o m p a t i b l e  r e s u l t .  However,  s i n c e  l i n e  5 was s e l f ­
c o m p a t i b l e ,  i t  i s  i m p o s s i b l e  t o  deduc e t h e  dominance o f  t h e  S - a l l e l e s  
f rom t h e s e  r e s u l t s .  I n  f a c t ,  s e l f - c o m p a t i b i l i t y  i n  l i n e  5 a p p e a r e d  t o
-  56 -
r e s u l t  f rom a s t i g m a t i c  r a t h e r  t h a n  p o l l e n - r e l a t e d  l e s i o n  ( s e e  b e l o w ) .  
P o l l i n a t i o n s  w i t h  l i n e s  3 an d  5 a s  p o l l e n  p a r e n t  were  i n c o m p a t i b l e ,  
i n d i c a t i n g  a c t i v i t y  o f  b o t h  S ^^ and i n  t h e  s t i g m a  o f  l i n e  2 (S^^ = 
8 ^ Ç ) -  T hese  f i n d i n g s  w e re  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  S^g 
was d o m in an t  t o  Sb i n  p o l l e n  o f  l i n e  1 (S^g >S^(]f) a s  s u g g e s t e d  i n  t h e  
p r e v i o u s  s e c t i o n .
3 . 3 . 3 . 3 .  L i n e  3 -  Sg Sg
The r e a c t i o n s  o f  l i n e  3 w i t h  o t h e r  l i n e s  were  a s  . f o l l o w s :
L in e  No. A l l e l i  c
c o n s t i  t u t i o n male f e m a l e
1 =29=b — H-
2 — 4*
4 =29=a + 4*
5 3 143a 4- 4-
6 =2=a — 4-
7 329=a 4- 4-
P o l l e n  o f  l i n e  3 was i n c o m p a t i b l e  w i t h  l i n e s  1 and 2 w i t h  no more 
t h a n  4 t u b e s  p ro d u c e d  p e r  s t i g m a .  T h i s  r e s u l t  shows t h a t  was 
a c t i v e  i n  t h e  p o l l e n  o f  l i n e  1, and i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  
t h a t  was a c t i v e  i n  t h e  s t i g m a s  o f  b o t h  l i n e  1 and  2 .  P o l l e n  o f  
l i n e  3 was a l s o  f u l l y  i n c o m p a t i b l e  w i t h  l i n e  6 p r o d u c i n g  a mean o f  3 
p o l l e n  t u b e s  p e r  s t i g m a .  T h i s  i n d i c a t e s  t h a t  i s  a l s o  a c t i v e  i n  
p o l l e n  o f  l i n e  3 a s  w e l l  a s  i n  t h e  s t i g m a s  o f  l i n e  6 ( s e e  b e l o w ) .
Thus i t  i s  c o n c l u d e d  t h a t  and were  b o t h  a c t i v e  i n  t h e  p o l l e n  o f
-  57 -
t h e  s y n t h e t i c s  ( c o d o m i n a n t ,  .
Owing t o  dom inance o f  and to  i n  p o l l e n  ( s e e  ab o v e ) ,  t h e
a c t i v i t y  o f  i n  s t i g m a s  o f  l i n e  3 c o u l d  n o t  be d e t e r m i n e d .  
C o m p a t i b i l i t y  w i t h  l i n e  6 p o l l e n  i n d i c a t e d  e i t h e r  t h a t  was d o m in a n t  
t o  8_ i n  t h e  s t i g m a  o r  t h a t  was d o m inan t  t o  i n  t h e  p o l l e n  o f  
l i n e  6.  R e s o l u t i o n  o f  t h i s  r e l a t i o n s h i p  c o u l d  o n l y  be d e t e r m i n e d  f rom 
t h e  r e s u l t s  o f  t h e  a n a l y s i s  t h a t  employed S - a l l e l e  t e s t e r  l i n e s  ( E x p t .  
2 b e l o w ) .
3 . 3 . 3 . 4 .  L ine  4 -
The r e a c t i o n  o f  l i n e  4 w i t h  o t h e r  l i n e s  was a s  f o l l o w s :
L in e No. A l l e l i c  Sg S 







L in e  4 was i n c o m p a t i b l e  i n  b o t h  d i r e c t i o n s w i t h  l i n e 1 w i t h  a mean
tu b e number o f 3 .  T h i s  i n d i c a t e d  t h a t  was a c t i v e  i n b o t h  p o l l e n
and s t i g m a  i n  l i n e  4 .  A lso  i t  was c o n s i s t e n t w i t h  t h e  h y p o t h e s i s  t h a t
was a c t i v e i n  s t i g m a s  o f  l i n e  1 ( s e e  a b o v e ) .  P o l l i n a t i o n s  w i t h
l i n e 6 ( p o s s e s s i n g  S^) a s  f e m a l e  p a r e n t  were i n c o m p a t i b l e w i t h  no more
t h a n 9 t u b e s  p e r  s t i g m a ;  t h i s  s u g g e s t s  t h a t  S was a c t i v e i n  t h e
-  58 -
p o l l e n  o f  l i n e  4 and s t i g m a s  o f  l i n e  6 ( s e e  b e l o w ) .  T h u s ,  i n  p o l l e n  
i t  a p p e a r s  t h a t  S^g and were  b o t h  a c t i v e  ( c o d o m i n a n t ,  S^g = .
P o l l i n a t i o n s  w i t h  l i n e s  5 and 6 a s  p o l l e n  p a r e n t s  we re  c o m p a t i b l e .  
However ,  s i n c e  f a m i l y  5 was s e l f - c o m p a t i b l e  w i t h  a mean o f  41 t u b e s ,  
i t  i s  i m p o s s i b l e  t o  ded uce t h e  a l l e l i c  r e l a t i o n s h i p  f rom t h i s  
p o l l i n a t i o n .  B u t  p o l l e n  f rom  l i n e  6 was c o m p a t i b l e  on s t i g m a s  o f  l i n e  
4 , i n d i c a t i n g  e i t h e r  t h a t  S^g i s  d o m in a n t  t o  i n  t h e  s t i g m a  o f  l i n e  4 
o r  Sg i s  d o m i n a n t  t o  i n  t h e  p o l l e n  o f  l i n e  6 ( s e e  b e l o w ) .
L i n e  4 was a l s o  f u l l y  c o m p a t i b l e  w i t h  l i n e s  wh ich  d i d  n o t  p o s s e s s  a 
common S - a l l e l e .
3 . 3 . 3 . 5 .  L i n e  5 -  S^
The r e a c t i o n s  o f  l i n e  5 w i t h  t h e  o t h e r  l i n e s  were  a s  f o l l o w s
Lin e  No. A l l e l i c ®14®a male  f e m a l ec o n s t i t u t i o n
1 + +
2 ®1l|®b — 4"
3 SgSb 4- 4-
4 SggSa 4- 4-
6 — 4"
7 ®29®a 4- 4-
l i n e  5 was i n c o m p a t i b l e on s t i g m a s  o f  l i n e s  2 and 6 w i t h
5 p o l l e n t u b e s  p r o d u c e d p e r s t i g m a :  t h i s  shows t h a t  b o t h
a l l e l e s were  a c t i v e  i n t h e p o l l e n  o f  l i n e  5 (S^^ = S ^ ( j ' )
1 we re a c t i v e  i n  s t i g m a o f  l i n e s  6 and 2 r e s p e c t i v e l y .
-  59
T h i s  p r o v i d e s  e v i d e n c e  t h a t  i n  l i n e  4, S^g was d o m i n a n t  t o  i n  t h e
s t i g m a  (Sg > S ^ ^ ) .  S t i g m a s  o f  l i n e  5 we re  f u l l y  c o m p a t i b l e  w i t h  a l l
o t h e r  l i n e s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  ( s e e  a b o v e )  t h a t  s e l f -  . *
c o m p a t i b i l i t y  i n  l i n e  5 a p p e a r e d  t o  r e s u l t  f rom a s t i g m a t i c  r a t h e r  
t h a n  p o l l e n . r e l a t e d  l e s i o n , t h u s  p r e v e n t i n g  t h e  d e t e r m i n a t i o n  o f  a l l e l e  
a c t i v i t y  i n  s t i g m a s  o f  l i n e  5-
3 - 3 . 3 - 6 .  L i n e  6 -  S^  S^ S S2 2 a  a
The r e a c t i o n s  o f  l i n e  6 w i t h  t h e  o t h e r  l i n e s  were  a s  f o l l o w s
L in e  No. a l l e l i c ®2®ac o n s t i t u t i o n male f e m a l e
1 + +
2 ®lM®b 4- 4-
3 ®2®b 4* —
4 4- •"
5 4- -
7 "29®a 4- -
L in e  6 was i n c o m p a t i b l e  w i t h  p o l l e n  f rom l i n e s  3, 4 ,  5 an d  7 w i t h
f e w e r  t h a n  9 t u b e s  p e r  s t i g m a .  T h i s  shows t h a t  S_ and S were  b o t h2 a
a c t i v e  i n  t h e  s t i g m a s  o f  l i n e  6,  (S^ = S ^ Ç )  and p r o v i d e s  s u p p o r t i n g  
e v i d e n c e  f o r  t h e  h y p o t h e s i s  t h a t  S_ was a c t i v e  i n  l i n e  3 and S wasc. 3
a c t i v e  i n  l i n e  4 ( s e e  a b o v e ) .  L in e  6 was c o m p a t i b l e  w i t h  a l l  t h e  
o t h e r  l i n e s  when u s ed  a s  t h e  f e m a l e  p a r e n t ,  a l t h o u g h  i n  c r o s s e s  w i t h  
l i n e  1 t h e r e  was a wide  r a n g e  i n  t h e  t u b e  numbers  p e r  s t i g m a  ( f r o m  0 
to  7 5 ) .  Two f u r t h e r  c r o s s  p o l l i n a t i o n s  were  made b e tw e en  t h e s e  two
— 60 —
il i n e s  an d  gave a mean o f  24 t u b e s  ( T a b le  3 . 2 ) .
O u t c r o s s e s  showed t h a t  s t i g m a s  o f  l i n e  1 we re  f u l l y  f e r t i l e  a s  was
l i n e  6 p o l l e n .  S i n c e  t h e s e  l i n e s  have no S - a l l e l e s  i n  common, i t  , *
a p p e a r s  t h a t  some i n t e r a c t i o n  o c c u r r e d  b e tw e en  p o l l e n  o f  l i n e  6 and 
l i n e  1, p r e v e n t i n g  p o l l e n  t u b e  p e n e t r a t i o n .
Owing t o  t h e  dominance o f  S^g t o  i n  s t i g m a s  o f  l i n e  4 ( s e e  
above ) ,  a c t i v i t y  o f  i n  p o l l e n  o f  f a m i l y  6 c o u l d  n o t  be d e t e r m i n e d .  
C o m p a t i b i l i t y  w i t h  l i n e  3 s t i g m a s  i n d i c a t e d  e i t h e r  t h a t  was 
d o m i n a n t  t o  i n  p o l l e n  o f  l i n e  6 o r  was d o m in an t  t o  S^ i n  t h e  
s t i g m a  o f  l i n e  3.  T h i s  r e l a t i o n s h i p  c o u l d  o n l y  'be d e t e r m i n e d  f rom t h e  
r e s u l t s  w i t h  S - a l l e l e  t e s t e r  l i n e s .
3 . 3 . 3 . 7 .  L i n e  7 -  S S
The r e a c t i o n  o f  l i n e  7 w i t h  t h e  o t h e r  l i n e s  was a s  f o l l o w s :
a b o v e ) .  I t  was c o n f i r m e d  t h e r e f o r e ,  t h a t  S^ and S^ were  b o t h  a c t i v e
— 6 l  —
Line No. A l l e l i c ^29^ a male f e m a l e
1
c o n s t i t u t i o n
1 SggSb — —
2 S l l f b 4* 4*
3 ®2®b 4- 4-
4 ®29®a — —
5 +  4-
6 ®2®a -  4- ;
h a s t h e same a l l e l i c  c o n s t i t u t i o n  a s  l i n e  4 and  t h e
4
w i t h t h e o t h e r  l i n e s  showed t h e  g e n e r a l l y  same r e s u l t s  ( s e e "I
I.
i n  the  p o l l e n  (S^g = c f  codominant)  a n d , i n  the  s t igm as ,  S^g was
d o m in a n t  t o  S ( s e e  a b o v e ) ,  a
3 - 3 - 4 .  R e s u l t s  o f  E x p e r i m e n t  I I
The r e s u l t s  o f  t h e  t e s t  c r o s s e s  o f  t h e  s y n t h e t i c s  w i t h  t h e  p a r e n t a l  
s t o c k s  i . e .  B. c a m p e s t r i s  v a r  c h i n e n s i s  86-155A and 86-155B w hich  were  
homozygous  f o r  8 - a l l e l e s  and 8^ r e s p e c t i v e l y ;  and B. o l e r a c e a  v a r  
a l b o g l a b r a  l i n e s  wh ich  were  homozygous  f o r  S^g,  8^^  and 8 ^ ,  a r e  
su m m ar i sed  i n  T a b l e s  3 . 3  an d  3 - 4 .
3 , . 3 . 4 .1 .  The r e a c t i o n  o f  th e  s y n t h e t i c s  w i th  B. c a m p e s tr i s
C r o s s e s  b e tw e en  t h e  s y n t h e t i c  l i n e s , ( a c t i n g  a s  t h e  male  p a r e n t ) a n d  t h e
B. c a m p e s t r i s  s t o c k s  (8^  and 8 ^ -  a s  f e m a le  p a r e n t s ) g a v e  r e s u l t s  i n
a g r e e m e n t  w i t h  t h o s e  f rom  i n t r a l i n e  p o l l i n a t i o n s  ( s e e  ab o v e  -
E x p e r i m e n t  I )  an d  a r e  p r e s e n t e d  i n  T a b l e  3 -3 -
S y n t h e t i c  l i n e s  1 and 2 were  c o m p a t i b l e  w i t h  b o t h  B. c a m p e s t r i s  8^
and 8^ a s  f e m a l e  p a r e n t  a n d ,  t h e r e f o r e ,  i n  a g r e e m e n t  w i t h  t h e
i n t e r l i n e  r e s u l t s ,  which showed t h a t  8^g and 8^^ w e re  d o m in an t  t o  8^
i n  t h e  p o l l e n  ( s e e  a bove  -  E x p e r i m e n t  I ) .  P o l l e n  o f  l i n e  3 was
i n c o m p a t i b l e  w i t h  t h e  B. c a m p e s t r i s  8^8^ p a r e n t  p r o d u c i n g  0 -2 0  t u b e s
p e r  s t i g m a ;  t h u s  8 was a c t i v e  i n  t h e  p o l l e n  o f  l i n e  3.  L i n e s  4 ,  5
and 6 we re  i n c o m p a t i b l e  w i t h  t h e  8^8^ homozygote  s u g g e s t i n g  t h a t  8^
was a c t i v e  i n  t h e  p o l l e n ,  a  f i n d i n g  which was c o n s i s t e n t  w i t h  t h a t
deduc ed  f rom t h e  i n t r a l i n e  r e s u l t s  ( s e e  above  -  E x p e r i m e n t  I )  and one
wh ich shows t h a t  t h e  8 a l l e l e  was a c t i v e  i n  l i n e  6 a s  w e l l  a s  i na
l i n e s  4 and 5- A l l  t h e  c r o s s e s  b e tw e en  B. c a m p e s t r i s  and t h e  7 l i n e s
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which d id  n o t  i n v o l v e  a common S - a l l e l e ,  were f u l l y  c o m p a t ib l e .
For  t h e  r e c i p r o c a l  c r o s s e s , i t  was e s t a b l i s h e d  t h a t  l i n e s  1 and 2 
were  d b m p a t i b l e  w i t h  p o l l e n  an d  i n c o m p a t i b l e  w i t h  p o l l e n  w i t h  
n e v e r  more t h a n  1 p o l l e n  t u b e  p r o d u c e d  p e r  s t i g m a .  T h i s  was 
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  S^g and were  b o t h  c o d o m i n a n t  
w i t h  (Sgg = , S ^ Q )  i n  t h e  s t i g m a  ( s e e  above  -  E x p e r i m e n t
I ) ,  L i n e s  4 and 7 t r e a t e d  w i t h  e i t h e r  S and p o l l e n  gav e 
c o m p a t i b l e  p o l l i n a t i o n s  w i t h  a mean o f  30 t u b e s ,  a f i n d i n g  w hi ch  was 
a g a i n  c o n s i s t e n t  w i t h  t h e  i n t r a l i n e  r e s u l t s  (S^g . L in e  6 a s
f e m a l e  p a r e n t  was i n c o m p a t i b l e  w i t h  and c o m p a t i b l e  w i t h  p o l l e n  
show ing  t h e  a c t i v i t y  o f  t h e  Sa a l l e l e  ( s e e  ab o v e  -  E x p e r i m e n t  I ) .
 ^ L i n e  3 was i n c o m p a t i b l e  w i t h  p o l l e n  b u t  c o m p a t i b l e  w i t h  p o l l e n ,  
s u g g e s t i n g  t h a t  was a c t i v e  i n  t h e  s t i g m a  o f  l i n e  3.
3 . 3 . 4 . 2 .  The r e a c t i o n  o f  s y n t h e t i c s  w ith  B. o l e r a c e a
C r o s s e s  bet w een  t h e  B. o l e r a c e a  p a r e n t a l  l i n e s  a s  f e m a l e  p a r e n t  and 
t h e  s y n t h e t i c  l i n e s  a s  male  p a r e n t  gave  t h e  e x p e c t e d  r e s u l t s  e x c e p t  
f o r  t h e  c r o s s  b e tw e en  S^gS^g and p o l l e n  f rom l i n e  6 ( T a b l e  3 . 4 ) .
B. o l e r a c e a  p l a n t s  homozygous  f o r  t h e  a l l e l e  were  i n c o m p a t i b l e  w i t h  
p o l l e n  f rom  l i n e  3 , c o n f i r m i n g  t h a t  was a c t i v e  i n  t h e  p o l l e n .  A l l  
o t h e r  c r o s s e s  w i t h  t h i s  t e s t e r  w e re  c o m p a t i b l e  e x c e p t  t h a t  t h e  number 
o f  t u b e s  i n  t h e  c r o s s  w i t h  l i n e  5 p o l l e n  was low.  The r e s u l t s  f rom 
E x p e r i m e n t  I  showed t h a t  l i n e  6 p o l l e n  was c o m p a t i b l e  on l i n e  3 
s t i g m a s ,  i n d i c a t i n g  t h a t  e i t h e r  was d o m i n a n t  t o  S i n  p o l l e n  o f
l i n e  6 o r  was d o m in an t  t o  S_ i n  t h e  s t i g m a  o f  l i n e  3 o r  b o t h ,  and ,  
a s  n o t e d  above,  t h i s  c o u l d  n o t  be  d e t e r m i n e d .  The t e s t s  i n
-  6 3  -
1E x p e r i m e n t  I I  showed t h a t  was n o t  a c t i v e  i n  p o l l e n  o f  l i n e  6 .  As
e x p e c t e d ,  t h e  B. o l e r a c e a  p a r e n t  homozygous f o r  t h e  a l l e l e  was
i n c o m p a t i b l e  w i t h  p o l l e n  f rom l i n e s  1, 4 and 7 wh ich  c o n f i r m s  t h e  . *
h y p o t h e s i s  t h a t  S2 g>S^ and S^g and were  co d o m i n a n t  i n  p o l l e n  ( s e e  
a b o v e  E x p e r im e n t  I ) .  However, a s  n o t e d  a b o v e , t h e  S^g homozygo te  was 
a l s o  i n c o m p a t i b l e  w i t h  p o l l e n  f rom l i n e  6 w hi ch  was an u n e x p e c t e d  
r e s u l t .  Two f u r t h e r  t e s t  c r o s s e s  (3 s t i g m a s / t e s t )  made b e tw e en  t h e  
B. o l e r a c e a  ho mozygote  and l i n e  6, gave  means o f  l e s s  t h a n  1 p o l l e n  
t u b e  p e r  s t i g m a .  F e r t i l i t y  o f  t h e  S^gS^g t e s t e r  and l i n e  6 we re  
c o n f i r m e d  by o u t c r o s s e s .  I t  i s  p o s s i b l e  t h a t  t h e  a p p a r e n t  
i n c o m p a t i b i l i t y  b e tw een  l i n e s  known n o t  to  p o s s e s s  S - a l l e l e s  i n  
cpmmon, i s  s i m i l a r  t o  t h a t  o b s e r v e d  bet w een  l i n e  (w h ich  p o s s e s s  S^g)  
and  l i n e  6, however  i t s  c a u s e  c a n n o t  be d e t e r m i n e d  f rom  t h e  e x i s t i n g  
d a t a .  T e s t s  w i t h  s t i g m a s  c o n f i r m e d  t h e  a c t i v i t y  o f  S^^ i n  l i n e  2 
p o l l e n .  However ,  S^^ s t i g m a s  we re  c o m p a t i b l e  w i t h  p o l l e n  f rom a l l  t h e  
o t h e r  l i n e s ,  ev en  w i t h  l i n e  5 f o r  which r e s u l t s  f rom E x p e r i m e n t  I  had 
s u g g e s t e d  t h a t  was a c t i v e  i n  t h e  p o l l e n .  A g a in ,  w i t h o u t  f u r t h e r  
d a t a  i t  i s  n o t  p o s s i b l e  t o  r e s o l v e  t h i s  c o n t r a d i c t i o n .
I n t e r s p e c i f i c  c r o s s e s  u s i n g  B. o l e r a c e a  p o l l e n  p r o d u c e d  r e s u l t s  
t h a t  d i d  n o t  f i t  a n y  s i m p l e  model  o f  S - a l l e l e  a c t i v i t y .  S p o l l e n  was 
i n c o m p a t i b l e  w i t h  a l l  7 l i n e s ,  was o n l y  c o m p a t i b l e  w i t h  l i n e  4 ,  
and S^2| o n l y  w i t h  l i n e s  1, 3 ,  4 an d  5.  Thus e a ch  t e s t e r  gave 
i n c o m p a t i b l e  r e s u l t s  w i t h  l i n e s  known n o t  t o  c o n t a i n  t h e  S - a l l e l e  o f  
t h e  t e s t e r .  S i n c e  a l l  t e s t e r s  and l i n e s  we re  f u l l y  f e r t i l e  i t  seems 
t h a t  some o t h e r  a s p e c t  o f  p o l l e n  s t i g m a  r e c o g n i t i o n  may be 
r e s p o n s i b l e .  The e x t e n t  and n a t u r e  o f  i n c o m p a t i b i l i t y  be tw e en  
B. n ap u s  s t i g m a s  and B. o l e r a c e a  p o l l e n  i s  d i s c u s s e d  more f u l l y  i n  
C h a p t e r  4.
-  64 -
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3 . 4 .  D I S C U S S I O N  A N D  C O N C L U S I O N S
The m a jo r  f i n d i n g  t o  emerge f rom E x p e r i m e n t s  I  an d  I I  was t h a t  , *
B. n ap u s  p l a n t s  s y n t h e s i s e d  f rom s e l f - i n c o m p a t i b l e  B. c a m p e s t r i s  an d  
B. o l e r a c e a  we re  u s u a l l y  s e l f - i n c o m p a t i b l e  and t h a t  t h e  s e l f ­
i n c o m p a t i b i l i t y  a l l e l e s  o f  b o t h  B. o l e r a c e a  an d  B. c a m p e s t r i s  we re  
e x p r e s s e d  i n  t h e  s y n t h e s i s e d  l i n e s  o f  B. n ap u s  ( T a b l e  3 . 5 ) .  I n  
g e n e r a l  t h e  e x p r e s s i o n  an d  a c t i v i t y  o f  a l l e l e s  c o u l d  be  d e t e r m i n e d  
f rom c r o s s e s  b e tw een  s y n t h e t i c s .  R e s u l t s  o f  c r o s s e s  b e tw een  t h e  
s y n t h e t i c s  and t h e  p a r e n t a l  s p e c i e s '  B. c a m p e s t r i s  and B. o l e r a c e a  
c o n f i r m e d  t h i s  and  p r o v i d e d  u s e f u l  a d d i t i o n a l  i n f o r m a t i o n .  Thus t h e  
dom inance o f  t o  i n  p o l l e n  o f  l i n e  6 and codo.minance o f  and
I- i n  s t i g m a  o f  l i n e  3 c o u l d  n o t  be d e t e c t e d  f rom t h e  i n t r a l i n e  t e s t  
c r o s s e s  a l o n e .  T e s t  c r o s s e s  w i t h  t h e s e  S - a l l e l e  t e s t e r  l i n e s  were  
g e n e r a l l y  c o n s i s t e n t ,  b u t  t h e r e  w e re  some a n o m a l i e s .  I n  p a r t i c u l a r ,  t h e  
r e s u l t s  o f  t h e  t e s t  c r o s s  b e tw e en  B. o l e r a c e a  s t i g m a  w i t h  t h e  l i n e
6 p o l l e n  c o n t r a d i c t e d  t h o s e  f rom E x p e r im e n t  I ,  an d  a l s o  B. o l e r a c e a  a s  
p o l l e n  d i d  n o t  g i v e  a n y  c o n s i s t e n t  e v i d e n c e  f o r  a l l e l e  r e l a t i o n s h i p .
Codominance i n  t h e  s t i g m a  was d e t e c t e d  i n  s t i g m a s  b e tw e e n  a l l e l e s  
S^^S ^;  S^S^;  and i n  t h e  p o l l e n  bet ween  a l l e l e s  S^S^ ;  S^gS^ and 
E x c e p t  f o r  t h e  c o m b i n a t i o n s  S^S^ and , one a l l e l e  ( e i t h e r
f rom  B. c a m p e s t r i s  o r  B. o l e r a c e a ) was d o m in a n t  t o  t h e  o t h e r  e i t h e r  i n  
t h e  p o l l e n  o r  t h e  p i s t i l  sh o w in g  t h a t  i n t e r l o c u s  e p i s t a s i s  was common 
i n  t h e s e  s y n t h e t i c  l i n e s  o f  B. napus  ( T a b l e  3 . 5 ) .
The r e l a t i o n s h i p  b e tw een  S - a l l e l e s  i n  l i n e  5 s t i g m a  was n o t  
d e t e r m i n e d  b e c a u s e  t h e  l i n e  was s e l f - c o m p a t i b l e .  T h i s  s e l f ­
c o m p a t i b i l i t y  c o u l d  be  due t o  some a l l e l e  i n t e r a c t i o n  b e tw e en  t h e  
a l l e l e  d e r i v e d  f rom B. o l e r a c e a  an d  B. c a m p e s t r i s  o r  t o  an  i n t e r a c t i o n
-  65 -
u n r e l a t e d  t o  S - a l l e l e  i d e n t i t y .
I n  c o n c l u s i o n , t h e s e  r e s u l t s  showed t h a t  t h e  s e l f - i n c o m p a t i b i l i t y  
sys tenT i n  t h e  s y n t h e t i c  B. n ap u s  l i n e s  were  g e n e r a l l y  f u n c t i o n a l ,  and 
t h a t  b o t h  B. c a m p e s t r i s  and B. o l e r a c e a  a l l e l e s  were  a c t i v e  an d  c o u l d  
show i n t e r a c t i o n s  s i m i l a r  t o  t h o s e  found i n  s i n g l e  l o c u s  s p o r o p h y t i c  
s y s t e m s  b e tw e en  S - a l l e l e s  i n  S - h e t e r o z y g o t e s .
B. o l e r a c e a  a s  f e m a l e  p a r e n t  and B. c a m p e s t r i s  a s  b o t h  f e m a l e  and 
male  p a r e n t  w i t h  s y n t h e t i c s  c o u l d  be u s e d  f o r  t h e  d e t e c t i o n  o f  
a c t i v e  S - a l l e l e s ,  b u t  B. o l e r a c e a  a s  p o l l e n  was n o t  i n f o r m a t i v e .
— 66 —
T a b l e  3-1 Mean numbers  o f  p o l l e n  t u b e s  p e n e t r a t i n g  t h e  s t i g m a  
f o l l o w i n g  c r o s s e s  b e tw e en  7 s y n t h e t i c  B. napus  l i n e s  o f
known S-- a l l e l e c o n s t i t u t i o n
S t ig m a
L in e
Number
A l l e l i c  
c o n s t i  t u t i o n ® 2 ^
P o l l e n
SgSb
l i n e
4
^ 2 9 ^ a
number
S l4 S a
6
^ 2 \
1 ®29"b 0 >75 0 1 59 24 0
2 >75 0 1 >75 0 >75 >75
3 ®2®b 66 37 0 70 47 60 36
4 S29S% 0 64 >75 0 ' > 7 5 56 0
5 S l4 S a 63 >75 >75 67 41 >75 63
6 ®2®a 50 53 2 0 10 0 1
7 =29"a 0 >75 41 0 35 43 0
-  67
T a b l e  3 -2  P o l l e n  t u b e  p e r  s t i g m a  i n  c r o s s  between  
s y n t h e t i c  B. napus  l i n e  1 (S ^^S^)  x l i n e  6 ( S ^S^)
T e s t P o l l e n t u b e numbers Mean
1 20 30 0 10 24 17
2 75 12 0 29
3 75 1 0 25
4 75 0 0 " 25
T o t a l 24
- 68
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T a b l e  3-5  S - a l l e l e  r e l a t i o n s h i p  o f  s y n t h e t i c  B. napus  l i n e s  
a s  d ed u c ed  f rom E x p e r i m e n t  I  and  I I
S t ig m a P o l l e n
'=29 '®29 > Sb
= Sb ' s ,4 > Sb
= Sb Sb>S2 '  Sb
”^S29 > Sa ®29 = s a
 ^ Sa ' s , 4 = 'Sa
'Sz = Sa a > Sg
a l l e l e  a c t i v i t y  d ed u c ed  f rom E x p t .  I  
a l l e l e  a c t i v i t y  d ed u c ed  f rom E x p t .  I I
a l l e l e  a c t i v i t y  i s  n o t  d e t e c t e d ,  p o s s i b l y  a l l e l e s  n o n - f u n c t i o n a l
-  71 -
F i g .  3 . 1 .  C o m p a t ib l e  p o l l i n a t i o n  o f  a s y n t h e t i c  B. n ap u s  p i s t i l  
(x 3 5 0 ) .
- 72 -
F i g .  3 . 2 .  P o l l e n  t u b e s  i n  t h e  s t y l e  a f t e r  a c o m p a t i b l e  p o l l i n a t i o n  o f  
a s y n t h e t i c  B ^ n a p u s  p i s t i l  (x 35 0) .
- 73 -
F i g .  3 . 3 . P o l l e n  tube  e n t e r i n g  an ovu le  ( x 400 )
/ Jf
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F i g .  3 - 4 .  An i n c o m p a t i b l e  s e l f - p o l l i n a t i o n  o f  a B. n ap u s  p i s t i l  w i t h  
no e x t e n s i v e  p o l l e n  g e r m i n a t i o n  and some c a l l o s e  f l u o r e s c e n c e  i n  t h e  
s t i g m a t i c  p a p i l l a e  and e a r l y  g e r m i n a t i o n  o f  p o l l e n  g r a i n  (x 3 5 0 ) .

































4 . 1 .  INTRODUCTION
4 . 1 . 1 .  I n t e r s p e c i f i c - i n c o m p a t l b i l l t y
I n t e r s p e c i f i c - i n c o m p a t i b i l i t y  may be d e f i n e d  a s  a n y  p o s t - p o l l i n a t i o n  
p r o c e s s  p r e v e n t i n g  c r o s s  p o l l e n  g e r m i n a t i o n  a n d  f e r t i l i s a t i o n ,  
o c c u r r i n g  b e tw e en  two d i f f e r e n t  c l o s e l y  r e l a t e d  f e r t i l e  s p e c i e s  w i t h i n  
f a m i l i e s  wh e re  t h e r e  a r e  c l e a r  b a r r i e r s  i n v o l v i n g  some k i n d  o f  
r e c o g n i t i o n  r e a c t i o n .  Used i n  t h i s  s e n s e ,  i n t e r s p e c i f i c -  
i n c o m p a t i b i l i t y  e x c l u d e s  r e a c t i o n s  b e tw e e n  s p e c i e s  w i t h  g r o s s  
p h y s i o l o g i c a l  d i f f e r e n c e s  s u ch  a s  i n t e r c r o s s e s  b e tw e en  P e t u n i a  h y b r i d a  
and B. o l e r a c e a  and i s  r e s t r i c t e d  t o  t h o s e  s p e c i e s  w here  one  m i g h t  
o t h e r w i s e  e x p e c t  t o  s e e  some k i n d  o f  c o m p a t i b i l i t y  w i t h  r e s p e c t  t o  
p o l l e n  t u b e  g ro w th  and p e n e t r a t i o n , e v e n  i f  f e r t i l i s a t i o n  was a l w a y s  
u n s u c c e s s f u l .
Lewis  & Crowe (1 958)  showed t h a t  w i t h i n  t h e  C r u c i f e r a e ,  O n a g r a c e a e  
and S o l a n a c e a e , p o l l e n  t u b e s  o f  s e l f - i n c o m p a t i b l e  ( S I )  s p e c i e s  grew 
s u c c e s s f u l l y  t h r o u g h  t h e  s t y l e s  o f  c l o s e l y  r e l a t e d  s e l f - c o m p a t i b l e  
(SC) s p e c i e s ,  b u t  t h a t  p o l l e n  t u b e s  f rom t h e  s e l f - c o m p a t i b l e  s p e c i e s  
were  i n h i b i t e d  on t h e  s t i g m a  o r  i n  t h e  s t y l e s  o f  SI  o n e s .  They a l s o  
fo und  e x c e p t i o n a l  SC s p e c i e s  i n  wh ich  p o l l e n  was n o t  i n h i b i t e d  i n  SI 
s t y l e s  and s u g g e s t e d  t h a t  t h e s e  s p e c i e s  were  r e c e n t l y  d e r i v e d  f rom t h e  
s e l f - i n c o m p a t i b l e  a n c e s t o r s .  They c o n s i d e r e d  t h a t  t h e  S - l o c u s  
p o s s e s s e d  two f u n c t i o n s ;  one  c o n t r o l l i n g  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y
-  77 -
%and th e  o t h e r  c o n t r o l l i n g  s e l f - i n c o m p a t i b i l i t y ,  and t h a t  each  s t e p  i n
t h e  e v o l u t i o n a r y  s e q u e n c e  c o r r e s p o n d s  to  a s p e c i f i c  change  i n  t h e
i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  c o n t r o l l i n g  p a r t  o f  t h e  g e n e .
. «
Hogenboom ( 1 9 7 2 a ) ,  w o r k i n g  w i t h  s e l f - i n c o m p a t i b l e  
L y c o p e r s i c o n  p e r u v ia n u m  and  s e l f - c o m p a t i b l e  L.  e s c u l e n t u m , a t t e m p t e d
to  b r e a k  t h e  b r e e d i n g  b a r r i e r  b e tw e en  t h e  2 s p e c i e s .  B y ' s e l f i n g
L. p e r u v i a n u m .he f i r s t  p r o d u c e d  p r o g e n y  t h a t  v a r i e d  i n  a b i l i t y  t o  
c r o s s  w i t h  L. e s c u l e n t u m  p o l l e n .  He a l s o  fo u n d  (Hogenboom, 1972b) a 
s i n g l e  r e c e s s i v e  gene w h ich  c o n t r o l l e d  t h e  l o s s  o f  i n t e r s p e c i f i c  
i n c o m p a t i b i l i t y  c a u s e d  by h i g h  t e m p e r a t u r e  (40®C).  Hogenboom (1975)  
l a t e r  p r e s e n t e d  e v i d e n c e  t o  s u g g e s t  t h a t  d o m i n a n t  g e n e s  e x p r e s s e d  i n  
t h e  p i s t i l ,  c o n t r o l l e d  t h e  a c c e p t a n c e  or r e j e c t i o n  o f  f o r e i g n  p o l l e n .
 ^ T h i s  l e d  him t o  p r o p o s e  t h a t  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  s h o u l d  be 
c o n s i d e r e d  a s e p a r a t e  phenomenon f rom s e l f - i n c o m p a t i b i l i t y  and i n s t e a d  
s h o u l d  be te rm e d  i n c o n g r u i t y  (Hogenboom, 1972a,  1972c,  1973, 1 9 7 5 ) .  Î
I n c o n g r u i t y ,  he b e l i e v e d , i n v o l v e d  p r o c e s s e s  d i s t i n c t  f rom s e l f ­
i n c o m p a t i b i l i t y  an d  was c o n t r o l l e d  a t  o t h e r  l o c i  t h a n  t h e  S - l o c u s .  He
c o n c l u d e d  t h a t  w h e r e a s  i n c o m p a t i b i l i t y  was due t o  p o l l e n - p i s t i l  
i n t e r a c t i o n s  t h a t  i n v o l v e d  a h i g h l y  d e v e lo p e d  r e c o g n i t i o n  r e a c t i o n  a t  
t h e  i n t r a s p e c i f i c  l e v e l ,  i n c o n g r u i t y  r e s u l t e d  f rom i n c o m p l e t e  m a t c h i n g  
o f  t h e  p o l l e n  and p i s t i l  co m p o n en t s .
From s i m i l a r  work c o n d u c t e d  on t h e  two tom ato  s p e c i e s ,
de N e t t a n c o u r t  e t  a l .  (1974)  r e p o r t e d  t h a t  t h e  c a p a c i t y  o f
L y c o p e r s i c u m  p e r u v ia n u m  t o  r e c o g n is e  p o l l e n  o f  L.  e s c u l e n t u m  was 
g o v e r n e d  by an  a l l e l e  a t  t h e  S - l o c u s  o r  by a g a m e t o p h y t i c  gene  c l o s e l y
l i n k e d  t o  i t .  I t  was t h e r e f o r e  c o n s i d e r e d  t h a t  t h e  a c c e p t a n c e  o f
L. e s c u l e n t u m  p o l l e n  by L. p e r u v ia n u m  p i s t i l s  dep e n d ed  b o t h  on t h e  
p r e s e n c e  o r  a b s e n c e  o f  d o m i n a n t  s t y l a r  g en e s  an d  on t h e  S - l o c u s
— 78  —
i t s e l f .
W hi le  d e t a i l e d  g e n e t i c  s t u d i e s  have be e n  l a r g e l y  r e s t r i c t e d  t o  
s p e c i e s  wh ere  c o n t r o l  o f  s e l f - i n c o m p a t i b i l i t y  i s  g a m e t o p h y t i c ,  
i n t e r s p e ' c i f i c - i n c o m p a t i b i l i t y  i s  a l s o  known i n  s p e c i e s  w i t h  
s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m s .  Thus Lewis  & Crowe (1958 )  
have d e s c r i b e d  t h e  c r o s s i n g  r e l a t i o n s h i p  be tw een  s e v e r a l  s p e c i e s  o f  
C r u c i f e r a e  ( Draba v e r n a , Erys imum s u f f r u t u o s u m , S i sy m b r iu m  o f f i c i n a l e , 
I b e r i s  c o n t r a c t a , A k t s s y n  a r g e n t e n u m ) w h i l e  H a rb e r d  (1 976)  h a s  c a r r i e d  
o u t  an  e x t e n s i v e  s u r v e y  o f  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  i n  t h e  s u b ­
t r i b e  B r a s s i c i n a e  and r e l a t e d  s u b - t r i b e s .  From H a r b e r d ' s  work d e t a i l s  
o f  c r o s s - c o m p a t i b i l i t y  have  be en  e s t a b l i s h e d  f o r  t h e  f o l l o w i n g  
s p e c i e s  :
E r u c a s t r u m  a b y s s i n i c u m  
B r a s s i c a  o x y r r h i n a  
Eru ca  s p p .
B r a s s i c a  t o u r n e f o r t i i  
S n ap o d e n d r o n  s p p .
E n a r t h r o c a r p u s  s p p .
D i p l o t a x i s  e r u c o i d e s  
D i p l o t a x i s  t e n u i f o l i a  
B r a s s i c a  b a r r e l i e r i  
D i p l o t a x i s  m u r a l i s  
D i p l o t a x i s  h a r r a  
E r u c a s t r u m  v i r g a t u m  
B r a s s i c a  c a r i n a t a  
D i p l o t a x i s  c a t h o l i c a  
B r a s s i c a  n ap u s  
E r u c a s t r u m  c a n a r i e n s e
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B r a s s i c a  o l e r a c e a
S i n a p i s  a l b a
E r u c a s t r u m  g a l l i c u m  , *
B r a s s i c a  c a m p e s t r i s  
H i r s c h f e l d i a  i n c a n a  
B r a s s i c a  n i g r a  
S i n a p i s  a r v e n s i s  
Raphanus  s p p .
T ra c h y s to m a  s p p .
S i n a p i s  p u b e s c e n s  
B r a s s i c a  j u n c e a  
B. c o s s o n e a n a  
B. f r u t i c u l o s a
H a r b e r d  (1976)  fou nd  t h a t  s t i g m a s  o f  s p e c i e s  s u ch  a s  B. o x y r r h i n a ,
B. t o u r n e f o r t i i , E r u c a s t r u m  a b y s s i n i c u m , E r u c c a  spp an d  S in a p o d e n d r o n  
spp were  v e r y  u n s e l e c t i v e  and were  c o m p a t i b l e  w i t h  n e a r l y  a l l  t h e  
o t h e r  s p e c i e s  l i s t e d  a b o v e .  I n  c o n t r a s t ,  t h e  p o l l e n  o f  t h e s e  s p e c i e s  
were  i n c o m p a t i b l e  w i t h  most  o f  t h e  o t h e r s .  I t  was a l s o  e v i d e n t  t h a t  
p o l l e n  f rom s p e c i e s  a t  t h e  b o t t o m  o f  t h e  l i s t  s u ch  a s  B. j u n c e a ,
B. c o s s o n e a n a , B. f r u t i c u l o s a  an d  S i n a p i s  p u b e s c e n s  we re  c o m p a t i b l e  
w i t h  t h e  o t h e r  s p e c i e s  b u t  a s  f e m a l e  p a r e n t s  t h e  same s p e c i e s  we re  
v e r y  h i g h l y  s e l e c t i v e .  Thus, p o l l e n  o f  few o t h e r  s p e c i e s  were  
c o m p a t i b l e  w i t h  them.  More r e c e n t l y ,  Hodgkin  (1 986)  fo u n d  t h a t  an  
i n c o m p a t i b i l i t y  b a r r i e r  e x i s t e d  be tw een  a s y n t h e t i c  B. n a p u s  l i n e  and 
B. o l e r a c e a . T h i s  o p e r a t e d  u n i l a t e r a l l y ,  so  t h a t  t h e  s y n t h e t i c  l i n e  
t e s t e d  was i n c o m p a t i b l e  w i t h  B. o l e r a c e a  p o l l e n  b u t  n o t  i f  u s e d  a s  a 
p o l l e n  do n o r  on B. o l e r a c e a  p i s t i l s .  S y n t h e t i c  B. napus  was a l s o  
i n c o m p a t i b l e  w i t h  o t h e r  B. n ap u s  p l a n t s  when u s e d  a s  f e m a l e .
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4 . 1 . 2 .  Breakdown o f  i n c o m p a t i b i l i t y
The c o n d i t i o n s  u n d e r  which s e l f - i n c o m p a t i b i l i t y  b r e a k s  down i n  
d i f f e r e n t  s p e c i e s  can be c o n s i d e r e d  c h a r a c t e r i s t i c  o f  t h e  r e a c t i o n .
I n  B r a s s i c a s , t h e  s e l f - i n c o m p a t i b l e  r e a c t i o n  i s  o n l y  f u l l y  o p e r a t i o n a l  
i n  m a tu re  f l o w e r s  and s e l f - c o m p a t i b i l i t y  o f  bud s t i g m a s  i s  a 
c h a r a c t e r i s t i c  o f  t h e  s p e c i e s  ( P e a r s o n ,  19 29) .  Methods  o f  b r e a k i n g  
down SI  have b ee n  u t i l i s e d  b o t h  t o  i n v e s t i g a t e  i t s  mechanism an d  t o  
d e v e l o p  methods  o f  p r o d u c i n g  i n b r e d  s e e d  i n  t h e  p r o d u c t i o n  o f  
h y b r i d s .  T r e a t m e n t s  have b ee n  a p p l i e d  t o  B r a s s i c a  p l a n t s  b o t h  b e f o r e  
and a f t e r  p o l l i n a t i o n  an d  a number  o f  t h e s e  have been  shown t o  i n d u c e  
no rm al  t u b e  p e n e t r a t i o n .  S e a r s  (1937)  removed s t i g m a s  u s i n g  a  r a z o r  
 ^ b l a d e  p r i o r  t o  p o l l i n a t i o n  i n  B. o l e r a c e a  and foun d i n c r e a s e d  numbers
o f  p e n e t r a t i n g  p o l l e n  t u b e s .  Ockendon ( 1973) showed t h a t  h i g h  ;;it e m p e r a t u r e  i n c r e a s e d  s e l f - p o l l e n  t u b e  p e n e t r a t i o n  i n  B r a s s i c a s , w h i l e  
C a r t e r  & M c N e i l l y  (1 975)  fou nd  t h a t  i n c r e a s e d  h u m i d i t y  o r  t h e  
a p p l i c a t i o n  o f  h ex a n e  t o  s t i g m a s  p r i o r  t o  p o l l i n a t i o n ,  had a s i m i l a r  
e f f e c t  i n  B. o l e r a c e a .
The e x t e n t  t o  w hi ch  t h e s e  t r e a t m e n t s  p r o v i d e  a s i g n i f i c a n t  
f u n c t i o n a l  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e  s e l f - i n c o m p a t i b l e  mechanism 
i s  n o t  y e t  c l e a r  (Hodgkin  e t  a l . , 1988 ) .  I n  t h i s  r e g a r d ,  F e r r a r i  &
W a l l a c e  (1977)  have shown t h a t  p r e t r e a t m e n t  o f  p o l l e n  w i t h  
c y c l o h e x i m i d e  i n c r e a s e s  s e l f - i n c o m p a t i b i l i t y  i n  B. o l e r a c e a  w h i l e  
R o b e r t s  e t  a l . (1984 b)  have r e p o r t e d  t h a t  s e l f - i n c o m p a t i b l e  s t i g m a s  
ex p o s e d  t o  c y c l o h e x i m i d e  f o r  2 h o u r s  p r i o r  t o  p o l l i n a t i o n  p r o m o te s  t h e  
g e r m i n a t i o n  and g ro w th  o f  b o t h  c r o s s -  an d  s e l f - p o l l e n  o f  B. o l e r a c e a .
I t  can  be deduced  f rom t h e s e  f i n d i n g s  t h a t  a c o n t i n u o u s  s y n t h e s i s  o f  
s t i g m a t i c  p r o t e i n s  i s  e s s e n t i a l  f o r  t h e  o p e r a t i o n  o f  t h e  SI  s y s t e m ,  i n
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t h a t  i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s  by c y c l o h e x i m i d e  ( t r a n s l a t i o n ,  
in h ib i t o r ) g r e a t l y  i n c r e a s e s  p o l l e n  t u b e  p e n e t r a t i o n .  N a k a n i s h i  e t  a l .
( 1 9 6 9 y a l s o  showed t h a t  e l e v a t e d  c o n c e n t r a t i o n s  o f  CO^ g as  ( 0 . 1  t o  
7 . 5%) i n c r e a s e s  s e i f - p o l l e n  t u b e  p e n e t r a t i o n  i n  B. o l e r a c e a  and 
B. c a m p e s t r i s  w i t h o u t  a f f e c t i n g  c r o s s - p o l l e n  s a m p l e s  an d  l a t e r  
d e m o n s t r a t e d  ( N a k a n i s h i  & H i n a t a ,  1973) t h a t  t r e a t m e n t  w i t h  CO^ a l s o  
i n c r e a s e s  s e e d  s e t  f rom 0 . 2 / f l o w e r  t o  1 0 / f l o w e r .  More r e c e n t l y  i t  h a s  
been  r e p o r t e d  t h a t  t r e a t m e n t  w i t h  e i t h e r  3% NaCl s o l u t i o n  o r  4% CG^ 
g a s  d e c r e a s e s  s e l f - i n c o m p a t i b i l i t y  l e v e l s  i n  B. c a m p e s t r i s  (Guohua & 
R u i , 1986) and t h a t  3% NaCl s o l u t i o n  a c t s  by i n c r e a s i n g  p o l l e n  
a d h e s i o n  and p o l l e n  g e r m i n a t i o n  an d  r e d u c i n g  c a l l o s e  f o r m a t i o n  on t h e  
p a p i l l a e  ( M o n t e i r o  e t  a l . ,  1 9 8 8 ) .
Much l e s s  r e s e a r c h  h a s  been  c o n d u c t e d  on t h e  bre akdow n o f  
i n t e r s p e c i f i c - i n c o m p a t i b i l i t y .  I n  L y c o p e r s i c u m .Hogenboom (1 9 72b)  h a s  
shown t h a t  h i g h  t e m p e r a t u r e  i n c r e a s e s  t u b e  p e n e t r a t i o n  w h i l e  Knox 
e t  a l .  (1 9 72a )  fou nd  t h a t  p o l l e n  w a l l  p r o t e i n ( s )  a c t  a s  r e c o g n i t i o n  
s u b s t a n c e s  i n  i n c o m p a t i b i l i t y  between  P o p u lu s  d e l t o i d e s  and  P.  a l b a .
With  r e g a r d  t o  B r a s s i c a , i t  was r e p o r t e d  i n  C h a p t e r  3 t h a t  p o l l e n  
f rom B. o l e r a c e a  f r e q u e n t l y  f a i l e d  t o  p e n e t r a t e  t h e  s t i g m a s  o f  newly 
s y n t h e s i s e d  B. n a p u s . e v e n  when t h e  p l a n t s  u s e d ,  had no S - a l l e l e s  i n  
common. T h i s  c o n f i r m e d  p r e v i o u s  f i n d i n g s  by Hodg kin  (1 986)  and 
s u g g e s t s  t h a t  t h e  p r o d u c t i o n  o f  t h e  s y n t h e t i c  r e s u l t s  i n  t h e  c r e a t i o n  
o f  b a r r i e r s  a b s e n t  i n  t h e  p a r e n t s .
The o b j e c t i v e  o f  t h e  work r e p o r t e d  i n  t h i s  C h a p t e r  was t o  
i n v e s t i g a t e  more f u l l y  t h e  o c c u r r e n c e  o f  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  
b e tw e en  B. n ap u s  and  B. o l e r a c e a . I n  p a r t i c u l a r  by u s i n g  b o t h  s e l f ­
i n c o m p a t i b l e  and s e l f - c o m p a t i b l e  l i n e s  o f  B. n a p u s  i t  was i n t e n d e d  t o
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%d e t e r m i n e  w h e t h e r  s e l f - i n c o m p a t i b i l i t y  i n  B. n ap u s  i s  r e q u i r e d  f o r  
i n t e r s p e c i f i c - i n c o r a p a t i b i l i t y  t o  be e x p r e s s e d .
Two l i n e s  o f  i n v e s t i g a t i o n  were  c o n d u c t e d :
.• *
( a )  I n t e r s p e c i f i c - i n c o m p a t i b i l i t y  was i n v e s t i g a t e d  b e tw e en  a r a n g e  o f  
s e l f - i n c o m p a t i b l e  l i n e s  u s i n g  m a t e r i a l  o b t a i n e d  f rom b a c k c r o s s i n g  
s y n t h e t i c s  w i t h  n a t u r a l l y - d e r i v e d  swedes  and B. o l e r a c e a  and 
B. c a m p e s t r i s  i n b r e d  l i n e s .  R e c e n t l y  p r o d u c e d  s y n t h e t i c  B. n a p u s  #
l i n e s  we re  a l s o  c r o s s e d  w i t h  B. c a m p e s t r i s  and B. o l e r a c e a  r e l a t e d  an d  -I
u n r e l a t e d  S -h o m o z y g o t e s  t o  g i v e  a d d i t i o n a l  d a t a  on i n t e r s p e c i f i c -  
i n c o m p a t i b i l i  t y .
(b )  T e s t s  we re  c a r r i e d  o u t  t o  e s t a b l i s h  t h e  br eakdown o f  
i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  and compared w i t h  t h a t  o f  s e l f -
 ^ i n c o m p a t i b i l i t y .
4 . 2 .  MATERIALS AND METHODS
4 . 2 . 1 .  P a r t  1 -  The o c c u r r e n c e  o f  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y  Î  
i n  B r a s s i c a  s p e c i e s
4 . 2 . 1 . 1 .  E x p e r i m e n t  I
P l a n t s  o f  B. n a p u s , B. c a m p e s t r i s  and B. o l e r a c e a  we re  r a i s e d  t o  t h e  
f l o w e r i n g  s t a g e .  The l i n e s  c h o s e n  f rom e a ch  s p e c i e s  f o r  c r o s s i n g  were  
a s  f o l l o w s :
B. n ap u s  -  T h re e  l i n e s  d e s i g n a t e d  86X024, 86X025 and 86X026.
86X024 was t h e  b e tw een  a s e l f - i n c o m p a t i b l e  swede l i n e  f rom  c u l t i v a r  
G u l l a c k e r  and a s e l f - i n c o m p a t i b l e  f o r a g e  r a p e  i n b r e d  o b t a i n e d  by 
i n t r o g r e s s i n g  a B. c a m p e s t r i s  S - a l l e l e  i n t o  t h e  f o r a g e  r a p e  c u l t i v a r
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B i s h o p .
86X025 was the  F. between a s e l f - i n c o m p a t i b l e  swede l i n e  f rom c u l t i v a r
G u l l a c k e r  and a s e l f - i n c o m p a t i b l e  o i l s e e d  r a p e  i n b r e d  l i n e  o b t a i n e d  
. *
f rom i n t r o g r e s s i n g  a B. c a m p e s t r i s  S - a l l e l e  i n t o  t h e  o i l s e e d  r a p e  
c u l t i v a r  No rde.
86X026 was t h e  F^ b e tw e en  a p l a n t  o b t a i n e d  f rom t h e  c u l t i v a r  B a n t e r  
(w h ich  o r i g i n a t e d  a s  a  s y n t h e t i c  p r o d u c e d  a t  t h e  t e t r a p l o i d  l e v e l )  and 
a s e l f - i n c o m p a t i b l e  o i l s e e d  r a p e  i n b r e d  o b t a i n e d  f rom i n t r o g r e s s i n g  a 
B. c a m p e s t r i s  S - a l l e l e  i n t o  t h e  o i l s e e d  r a p e  c u l t i v a r  No rde,
B. o l e r a c e a  -  T h re e  i n b r e d  l i n e s  o f ' B. o l e r a c e a  v a r  a c e p h a l a  
homozygous  f o r  d i f f e r e n t  S - a l l e l e s .
8 2 -1 0 3  homozygous  f o r  S^^
83 -4 5 7  " " Sg
4 9 -8 5  homozygous  f o r  S,2
B. c a m p e s t r i s  -  Two i n b r e d  l i n e s  o f  B. c h i n e n s i s  j u s l i n  v a r  c h i n e n s i s . 
8 6 -1 5 5  -  e i t h e r  homozygous f o r  S^ o r  h e t e r o z y g o u s  f o r  S^S^ .
( e x a c t  g e n o t y p e  unk no wn ) .
8 6 -1 5 3  -  homozygous  f o r  S ^ .
These  8 l i n e s  were  i n t e r c r o s s e d  i n  a f u l l  d i a l l e l  u s i n g  10 f l o w e r s  
p e r  c r o s s  t a k e n  a t  random f rom 3 B. n ap u s  p l a n t s  o r  2 B. o l e r a c e a  and 
B. c a m p e s t r i s  p l a n t s  p e r  l i n e .  C r o s s e s  and p o l l e n  t u b e  c o u n t s  w e re  
made u s i n g  t h e  p r o c e d u r e s  a s  d e t a i l e d  i n  C h a p t e r  3.
4 . 2 . 1 . 2 .  E x p e r i m e n t  I I
Four  p l a n t s  o f  t h e  s y n t h e t i c  B. n ap u s  l i n e  (8 6 - 1 6 8 )  which had  bee n  
s y n t h e s i s e d  a t  SCRI u s i n g  known B. o l e r a c e a  an d  B. c a m p e s t r i s  
h om ozygo tes  were  c r o s s e d  r e c i p r o c a l l y  w i t h  t h e  f o l l o w i n g :  t h e
84
r e s p e c t i v e  p a r e n t s ;  two u n r e l a t e d  B. o l e r a c e a  and B. c a m p e s t r i s  l i n e s ;  
s e l f - c o m p a t i b l e  B. napus  and s e l f - i n c o m p a t i b l e  s y n t h e t i c  B. napus  
l i n e .
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D e t a i l s  o f  t h e  m a t e r i a l  u s e d  i n  t h e s e  c r o s s e s  a r e  a s  f o l l o w s .  The 
r e s p e c t i v e  p a r e n t s  we re  a B. o l e r a c e a  v a r .  a l b o g l a b r a  l i n e  d e n o t e d  a s
82-039 and homozygous  f o r  an d  a B. c a m p e s t r i s  j u s l e n  v a r .
c h i n e n s i s  l i n e  d e n o t e d  a s  86 -1 5 5  and homozygous  f o r  e i t h e r  o r  8 ^ .  
The u n r e l a t e d  B. o l e r a c e a  and B. c a m p e s t r i s  l i n e s  we re  r e s p e c t i v e l y  
B. o l e r a c e a  v a r .  a l b o g l a b r a  8 5 - 3 5 3  (S^Sg) and 83-456  and
B. c a m p e s t r i s  cv .  p u r p l e  t o p  i n b r e d  l i n e ,  84-239.  and t h e  b e tw e en  
B. p e k i n e n s i s  v a r .  p e k i n e n s i s  an d  B. n a r i n o s a  87X013-
The s e l f - c o m p a t i b l e  B. n ap u s  l i n e s  were  86X084 (B. n ap u s  o i l s e e d  
r a p e  J e t - n e u f )  and 86X085 (B. napus  o i l s e e d  r a p e  Mikado) w h i l e  t h e  
c h o s e n  s y n t h e t i c  l i n e s  we re  86 -1 6 8  ( p r o d u c e d  a t  SCRI by c r o s s i n g  
B. c a m p e s t r i s  8 2 -5 9 2  w i t h  B. o l e r a c e a  8 2 -44 )  and  4 4 -8 5  (a  p r o d u c t  o f  
t h e  c r o s s  b e tw e en  B. o l e r a c e a  2P -147 w i t h  B. c a m p e s t r i s  c u l t i v a r  
g r a n n a t  24X009) .
Each c r o s s  i n v o l v e d  up t o  3 f l o w e r s  which were  p o l l i n a t e d  i n  t h e  
s t a n d a r d  way.  P o l l e n  t u b e  numbers  w e re  c o u n t e d  u s i n g  t h e  p r o c e d u r e  
o u t l i n e d  i n  C h a p t e r  3.
4 . 2 . 2 .  P a r t  2 -  Methods f o r  o v e r c o m i n g  s e l f -  and  c r o s s -  
i n c o m p a t i b i l i t y
4 . 2 . 2 , 1 .  E xperim ent I  -  E f f e c t  o f  c y c lo h e x im id e  and bud p o l l i n a t i o n  
i n  in t r a -a n d  i n t e r s p e c i f i c  c r o s s e s
P l a n t s  o f  a s y n t h e t i c  B. napus  l i n e  86-483  s y n t h e s i s e d  a t  SCRI,
-  8 5  -
B. n ap u s  o i l s e e d  r a p e  c u l t i v a r s  86X086 and B ien v en u  86X090 were  r a i s e d  
t o  f l o w e r  i n  a h e a t e d  g l a s s h o u s e -  S e l f - p o l l e n  an d  p o l l e n  f rom t h e  
B. o l e r a c e a  c u l t i v a r  B i t t e r n  were  u sed  i n  t h e  e x p e r i m e n t .
Each t e s t  c r o s s  i n v o l v e d  5 f l o w e r s  and t h e  e x p e r i m e n t  was c a r r i e d  
o u t  on 2 s e p a r a t e  o c c a s i o n s  t o  g i v e  two r e p l i c a t e s  f o r  a n a l y s i s .  
E x c i s e d  s t i g m a s  f rom newly  op en ed  f l o w e r s  were  p l a c e d  on a f i l t e r  
p a p e r  s o a k e d  w i t h  10 mM c y c l o h e x i m i d e  s o l u t i o n  f o r  2 h o u r s  and t h e n  
b r u s h e d  w i t h  t h e  r e q u i r e d  p o l l e n  f rom a f r e s h l y  d e h i s c e d  a n t h e r .  For  
c o m p a r i s o n , b u d  an d  c o n t r o l  s t i g m a s  f rom newly o pened  f l o w e r s  we re  a l s o  
p l a c e d  on f i l t e r  p a p e r  s o a k e d  i n  d i s t i l l e d  w a t e r  and p o l l i n a t e d .
A f t e r  4 h o u r s  s t i g m a s  were  f i x e d  i n  c h l o r o f o r m  : a b s o l u t e  a l c o h o l  :
 ^ a c e t i c  a c i d  ( 6 : 3 : 1  v / v ) ,  s t a i n e d  an d  s q u a s h e d  i n  d e c o l o r i s e d  a n i l i n e  
b l u e  ( a s  d e s c r i b e d  i n  C h a p t e r  3) and t h e  number o f  p o l l e n  t u b e s  were  
‘ c o u n t e d .
4 . 2 . 2 . 2 .  E x p e r i m e n t  I I  -  E f f e c t  o f  CO^ g as
P l a n t s  f rom s y n t h e t i c  B. napus  and B. o l e r a c e a  were  r a i s e d  t o  f l o w e r .  
The l i n e s  c h o s e n  f rom ea c h  s p e c i e s  were  a s  f o l l o w s .
S y n t h e t i c  B. napus  86 -4 8 3  -  A r t i f i c i a l l y  p ro d u c e d  a t  SCRI by c r o s s i n g  
B. c a m p e s t r i s  82 -5 9 2  w i t h  B. o l e r a c e a  8 2 -4 4 .
S y n t h e t i c  B. napus  87X048 ( l i n e  6) -  A r t i f i c i a l l y  p r o d u c e d  by c r o s s i n g  
B. c a m p e s t r i s  86-155A w i t h  B. o l e r a c e a  8 5 -3 53  ( C h a p t e r  2 i n  t h i s  
t h e s i s ) .
B. o l e r a c e a  -  Two i n b r e d  l i n e s  o f  B. o l e r a c e a  v a r  a l b o g l a b r a
8 5 -3 6 2  -  homozygous  f o r  S.^^
85-338 - " " Sg
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The B. napus  l i n e ,  8 6 - 4 8 3 ,  was p o l l i n a t e d  w i t h  87X048, 8 5 - 3 6 2 ,  8 5 -
338 and s e l f - p o l l e n .  A l l  p o l l i n a t i o n s  were  c a r r i e d  o u t  i n  t h e
l a b o r a t o r y ,  u s i n g  p o l l e n  f rom f r e s h l y  d e h i s c e d  a n t h e r s ,  on open  
. «
f l o w e r s  f rom which t h e  a n t h e r s  had been removed b e f o r e  d e h i s c e n c e .  
I m m e d i a t e l y  a f t e r  p o l l i n a t i o n ,  f l o w e r s  were  p l a c e d  i n  a g l a s s  chamber  
an d  t r e a t e d  w i t h  a 4% CO^ g a s  s t r e a m  f o r  4 h o u r s .  C o n t r o l  s t i g m a s  
r e c e i v e d  i d e n t i c a l  t r e a t m e n t s  b u t  were  p l a c e d  i n  a g l a s s c h a m b e r  
f l u s h e d  w i t h  a i r .  A f t e r  5 h o u r s  t h e  f l o w e r s  we re  f i x e d ,  s t a i n e d  w i t h  
a n i l i n e  b l u e  and t h e  number  o f  p o l l e n  t u b e s  c o u n t e d  a s  d e s c r i b e d  i n  
C h a p t e r  3* Each p o l l i n a t i o n  t r e a t m e n t  i n v o l v e d  5 f l o w e r s .  E i g h t  
r e p l i c a t e  p o l l i n a t i o n s  w e re  c a r r i e d  o u t  p e r  t r e a t m e n t .
^ 4 . 3 .  RESULTS AND ANALYSIS
4 . 3 . 1 .  I n c o m p a t i b l e  p o l l i n a t i o n s  be tw een  s p e c i e s .
I n c o m p a t i b l e  p o l l i n a t i o n s  b e tw e e n  s p e c i e s  a p p e a r  d i f f e r e n t  i n  s e v e r a l  
r e s p e c t s  f rom i n c o m p a t i b l e  p o l l i n a t i o n s  w i t h i n  s p e c i e s .  I n  most  
i n t e r s p e c i e s  c r o s s e s  t h a t  a r e  i n c o m p a t i b l e ,  p o l l e n  g r a i n s  a d h e r e  t o  
t h e  s t i g m a  and o f t e n  show a d e g r e e  o f  g e r m i n a t i o n  and some a p p e a r a n c e  
o f  s t i g m a  p e n e t r a t i o n .  S o m e t i m e s , t u b e s  grow more t h a n  2 - 3  t i m e s  t h e  
d i a m e t e r  o f  t h e  p o l l e n  g r a i n .  Masses  o f  b r i g h t l y  s t a i n e d  f l u o r e s c e n t  
m a t e r i a l  can be s e e n  i n  t h e s e  s t i g m a s ,  s u g g e s t i n g  a g r e a t l y  i n c r e a s e d  
d e p o s i t i o n  o f  s t i g m a  c a l l o s e .  The t u b e s  a p p e a r  t o  c o i l  ro u n d  t h e  
s t i g m a  an d  c o n t a i n  r e l a t i v e l y  l a r g e  amou nt s  o f  f l u o r e s c e n t  c a l l o s e  
m a t e r i a l .  Somet imes  a few i n d i v i d u a l  p o l l e n  t u b e s  can  be  s e e n  g ro w in g  
down t h e  s t y l e .  These  t u b e s  a r e  e x t r e m e l y  c l e a r ,  smooth  and s t r a i g h t ,  
b u t  i n  t h e  o v a r y  r e g i o n  t h e y  c e a s e  t o  be v i s i b l e .
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4 . 3 . 2 .  R e s u l t s  o f  P a r t  1 %
4 . 3 . 2 . 1 .  E x p e r i m e n t  I
. 9
W i t h i n - s p e c l e s  p o l l i n a t i o n s
A l l  B. n ap u s  s e l f - p o l l i n a t i o n s  were  i n c o m p a t i b l e  ( T a b l e  4 . 1 ) .  C r o s s e s  
b e tw e en  t h e  l i n e s  86X024 an d  86X026 were  r e c i p r o c a l l y  c o m p a t i b l e  w i t h  
a mean o f  32 o r  40 p o l l e n  t u b e s  b u t  a l l  o t h e r  c r o s s e s  l e d  t o  no p o l l e n  
t u b e  p e n e t r a t i o n .
S e l f - p o l l i n a t i o n s  o f  B. o l e r a c e a  l i n e s  were  i n c o m p a t i b l e  b u t  
c r o s s e s  b e tw e e n  l i n e s  were  c o m p a t i b l e  e x c e p t  f o r  t h e  c r o s s  8 2 -1 0 3  x
8 3 - 4 5 7 ,  w hich  y i e l d e d  no p o l l e n  t u b e s .  T h i s  c r o s s  f a i l e d  d e s p i t e  t h e
*’ f a c t  t h a t  b o t h  p a r e n t s  a p p e a r e d  t o  be f u l l y  f e r t i l e  an d  were  known t o  
be homozygous f o r  d i f f e r e n t  S - a l l e l e s .
The B. c a m p e s t r i s  l i n e  86 -1 5 5  a p p e a r e d  t o  be p a r t i a l l y  s e l f ­
c o m p a t i b l e  w i t h  a mean o f  20 p o l l e n  t u b e s  p e r  s t i g m a  w h i l e  8 6 -1 5 3  was
s e l f - i n c o m p a t i b l e .  The two l i n e s  were  f u l l y  c r o s s - c o m p a t i b l e  
c o n f i r m i n g  t h a t  t h e y  p o s s e s s e d  d i f f e r e n t  B. c a m p e s t r i s  S - a l l e l e s .
B e t w e e n - s p e c i e s  p o l l i n a t i o n s
When B. n a p u s  was u s e d  a s  a  p o l l e n  p a r e n t  i t  was c o m p a t i b l e  w i t h  a l l  
t h r e e  B. o l e r a c e a  l i n e s .  Most  o f  t h e  c r o s s e s  showed h i g h  t u b e  c o u n t s  
w i t h  l i t t l e  p l a n t - t o - p l a n t  o r  f l o w e r - t o - f l o w e r  v a r i a t i o n .  I n  
c o n t r a s t ,  B. napus  p o l l e n  was i n c o m p a t i b l e  w i t h  B. c a m p e s t r i s  8 6 -1 55  
though  c o m p a t i b l e  w i t h  8 6 - 1 5 3 .  Used a s  t h e  f e m a l e  p a r e n t ,  B. napus  
was i n c o m p a t i b l e  w i t h  a l l  t h e  t h r e e  B. o l e r a c e a  l i n e s .  I n  a d d i t i o n  
p o l l e n  f rom  b o t h  B. c a m p e s t r i s  l i n e s  was e f f e c t i v e l y  i n c o m p a t i b l e  w i t h  
B. napus  86X024 l i n e  b u t  p r o v e d  c o m p a t i b l e  w i t h  t h e  86X025 and 86X026
..î ï :
l i n e s  y i e l d i n g  36 -75  t u b e s  per* c r o s s .  Tube p e n e t r a t i o n  an d  g ro w th  was 
normal  and c o u l d  n o t  be d i s t i n g u i s h e d  f rom i n t r a s p e c i f i c  c o m p a t i b l e  
p o l l i n a t i o n s .
I n  c r o s s e s  b e tw e en  B. o l e r a c e a  and B. c a m p e s t r i s , B. o l e r a c e a  
p o l l e n  was c o m p a t i b l e  w i t h  t h e  B. c a m p e s t r i s  8 6 -1 5 3  l i n e ,  b u t  n o t  
c o m p a t i b l e  o r  o n l y  m a r g i n a l l y  so w i t h  B. c a m p e s t r i s  l i n e  8 6 -1 5 5 -  I n  
c o n t r a s t ,  p o l l e n  f rom b o t h  B. c a m p e s t r i s  l i n e s  was c o m p a t i b l e  w i t h  t h e  ^
B. o l e r a c e a  l i n e s  t e s t e d  (4 9 - 8 5  an d  8 3 - 4 5 7 ) .
4 . 3 . 2 . 2 .  E x p e r i m e n t  I I
The r e s u l t s  o f  c r o s s e s  u s i n g  t h e  B. n ap u s  s y n t h e t i c - 1 a r e  s u m m ar i sed  
*■ i n  T a b l e  4 . 2 .  The s y n t h e t i c  B. n ap u s  was r e c i p r o c a l l y  i n c o m p a t i b l e  
w i t h  i t s  B. o l e r a c e a  p a r e n t  ( 8 2 - 0 3 9 )  b u t  c o m p a t i b l e  w i t h  t h e  n o n -  
p a r e n t a l  B. o l e r a c e a  l i n e s  85 -3 5 3  and 83 -456 when u s e d  a s  t h e  male  
r a t h e r  t h a n  f e m a le  p a r e n t .
The s y n t h e t i c  B. n ap u s  l i n e  was f u l l y  r e c i p r o c a l l y  c o m p a t i b l e  w i t h  
t h e  B. c a m p e s t r i s  n o n - p a r e n t a l  l i n e s  ( 8 4 - 2 3 9 ,  87X013) ,  b u t  c r o s s e s  
w i t h  o t h e r  B. napus  l i n e s  gave more complex r e s u l t s .  A l t h o u g h  t h e  
s y n t h e t i c  p r o d u c e d  p o l l e n  t h a t  was f u l l y  c o m p a t i b l e  w i t h  b o t h  s e l f ­
c o m p a t i b l e  and s e l f - i n c o m p a t i b l e  B. napus  t e s t e r s ,  a s  t h e  f e m a l e  i t  
was i n c o m p a t i b l e  w i t h  p o l l e n  f rom  4 4-8 5  ( t h e  o t h e r  s y n t h e t i c ) .
4 . 3 . 3 . R e s u l t s  o f  P a r t  2
4 . 3 . 3 . 1 .  E x p e r i m e n t  I
For  ea ch  t r e a t m e n t  a t o t a l  o f  30 m easu r em en t s  an d  3 c r o s s e s  were
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a v a i l a b l e  f o r  a n a l y s i s  and c o m p a r i s o n .  Mean t u b e  numbers  f o r  ea ch  
t r e a t m e n t  and each  c r o s s  a r e  summar i sed  i n  T a b l e  4 . 3 .
A r i a ly s i s  o f  v a r i a n c e  o f  t u b e  numbe rs  t r a n s f o r m e d  i n t o  s q u a r e  r o o t s  
( T a b l e  4 . 4  and 4 . 5 )  showed t h a t  d i f f e r e n c e s  b e tw e en  t h e  means o f  
t r e a t m e n t s  and c r o s s e s  were  h i g h l y  s i g n i f i c a n t  (P < 0 .0 0 1 )  a n d , i n  
a d d i t i o n , t h e r e  was no s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  t h e s e  two 
e f f e c t s .  C y c l o h e x i m i d e - t r e a t e d  s t i g m a s  c o n t a i n e d  s i g n i f i c a n t l y  more 
p o l l e n  t u b e s  t h a n  bud s t i g m a s  ( 4 . 5 a ) ,  w h i l e  c o n t r o l  s t i g m a s  c o n t a i n e d  
t h e  l e a s t  number o f  a l l .  I t  i s  c o n c lu d e d  t h a t  b o t h  bud p o l l i n a t i o n  
and c y c lo h e x a m i d e  t r e a t m e n t  w i l l  overcome i n t e r s p e c i f i c  
i n c o m p a t i b i l i t y  a s  e f f e c t i v e l y  a s  t h e y  overcome i n t r a s p e c i f i c  
 ^ i n c o m p a t i b i l i t y ,  t hou gh  c y c lo h e x a m i d e  t r e a t m e n t  i s  t h e  more e f f e c t i v e .
4 . 3 . 3 . 2 .  E x p e r i m e n t  I I
F o l l o w i n g  t r e a t m e n t  w i t h  CO g a s  c r o s s e s  be tw e en  8 6 -4 83  x 8 5 - 3 6 2  and
86 -4 83  X 8 5 - 3 3 8 ,  and 8 6 -4 83  s e l f i n g  gave f u l l y  i n c o m p a t i b l e  
p o l l i n a t i o n s  w i t h  no more t h a n  2 t u b e s  p e r  s t i g m a .  I n  c o n t r a s t ,
B. napus  8 6 -4 83  c r o s s e d  w i t h  87X048 p o l l e n  gave  a  mean o f  35 p o l l e n  
t u b e s  p e r  t r e a t e d  s t i g m a ;  however  t h i s  was no g r e a t e r  t h a n  t h a t  
r e c o r d e d  f o r  u n t r e a t e d  s t i g m a s .
4 . 4 .  DISCUSSION AND CONCLUSIONS
The m a jo r  f i n d i n g  t o  emerge f rom E x p e r im e n t s  I  an d  I I  ( P a r t  1) 
r e p o r t e d  i n  t h i s  C h a p t e r  was t h a t  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  i s  a 
r e a l  phenomenon b e tw e en  B. o l e r a c e a  p o l l e n  and B. napus  s t i g m a s .  I n
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c o n t r a s t ,  t h e  r e s u l t s  o f  c r o s s e s  be tw e en  B. n ap u s  and B. c a m p e s t r i s  
s u g g e s t  t h a t  no i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  o c c u r s  b e tw een  t h e s e  two 
B r a s s i c a  s p e c i e s .  I r r e s p e c t i v e  o f  w h e t h e r  s e l f - i n c o m p a t i b l e  o r  s e l f ­
c o m p a t i b l e  l i n e s  were  u s e d ,  c r o s s e s  t h a t  i n v o l v e d  p o l l i n a t i n g  B. n ap u s  
w i t h  B. o l e r a c e a  p o l l e n  a l w a y s  p r o v e d  t o  be i n c o m p a t i b l e .
Of e q u a l  i m p o r t a n c e , w a s  t h e  f i n d i n g  ( E x p e r i m e n t s  I  and I I ;  P a r t  2) 
t h a t  t h e  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  r e c o r d e d ,  f u n c t i o n e d  i n  much 
t h e  same way a s  s e l f - i n c o m p a t i b i l i t y  w i t h  r e s p e c t  t o  i t s  e x p r e s s i o n .  
Thus i t  was e v i d e n t  o n l y  i n  m a tu r e  f l o w e r s  and d epended  on c o n t i n u i n g  
p r o t e i n  s y n t h e s i s  w h e r e a s  bud p o l l i n a t i o n  and c y c l o h e x i m i d e  t r e a t m e n t  
b ro k e  down i n t e r s p e c i f i c  i n c o m p a t i b i l i t y ,  l i t t l e  e f f e c t  f o l l o w e d  
t r e a t m e n t  w i t h  CO^ g a s .
I n  E x p e r i m e n t  I  ( P a r t  1 ) , t h e  t h r e e  r e l a t e d  B. n ap u s  l i n e s  
p r e s u m a b l y  s h a r e d  one o r  more S - a l l e l e s  a t  e i t h e r  t h e  B. c a m p e s t r i s  o r  
B. o l e r a c e a  l o c i .  A l l  t h r e e  o f  t h e  l i n e s  t u r n e d  o u t  t o  be 
i n c o m p a t i b l e  when c r o s s e d  w i t h  8 6 -1 55  ( B. c a m p e s t r i s ) p i s t i l s  
( T a b l e  4 . 1 )  b u t  two o f  them (86X025,  86X026) we re  r e c i p r o c a l l y  
c o m p a t i b l e  w i t h  86-153  and  t h e  86X024 l i n e  was c o m p a t i b l e  w i t h  8 6 -1 5 3  
( B. c a m p e s t r i s ) s t i g m a s .  I t  was c o n c l u d e d  t h a t  8 6 -1 5 5  was an S -  
h e t e r o z y g o t e  w i t h  b o t h  a l l e l e s  a c t i v e  i n  t h e  f e m a l e  and t h e s e  a l l e l e s  
we re  p r e s e n t  i n  86X024, 86X025 and 86X026.
I n  t h e  i n t e r s p e c i f i c  c r o s s e s  w i t h  B. o l e r a c e a  t h r e e  d i f f e r e n t  
B. o l e r a c e a  S - a l l e l e  hom o zy g o tes  were  u s e d , a n d  s i n c e  no one B. n ap u s  
l i n e  can c o n t a i n  more t h a n  two B. o l e r a c e a  a l l e l e s ,  a t  l e a s t  one  
B. o l e r a c e a  l i n e  s h o u l d  have  been  c o m p a t i b l e  w i t h  ea ch  B. n a p u s  l i n e ,  
i . e .  i f  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  was due e n t i r e l y  t o  t h e  
e x p r e s s i o n  o f  S - a l l e l e s .  I n  f a c t  p o l l e n  o f  t h e  B. n a p u s  l i n e  was 
a l w a y s  c o m p a t i b l e  i n  B. o l e r a c e a  s t i g m a s  s u g g e s t i n g  t h a t  none o f  t h e
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a l l e l e s  p r e s e n t  i n  B. o l e r a c e a  were p r e s e n t  i n  t h e  B. napus l i n e s .
I n  E x p e r i m e n t  I I  ( P a r t  1), s y n t h e t i c s  were  ch o s e n  t o  e n s u r e  
c o m p a t i b i l i t y ,  i n  S - a l l e l e  t e r m s ,  f o r  c e r t a i n  c r o s s e s  bet ween  
B. o l e r a c e a  x B. napus  and B. c a m p e s t r i s  x B. n a p u s . N e v e r t h e l e s s  t h e  
s y n t h e t i c s  were  a l w a y s  f u l l y  i n c o m p a t i b l e  w i t h  p o l l e n  o f  t h e  u n r e l a t e d  
B. o l e r a c e a  S^ and S^g l i n e s  a l t h o u g h  t h e  r e c i p r o c a l  c r o s s e s  were  
c o m p a t i b l e .  Only  i n  c r o s s e s  b e tw e en  t h e  s y n t h e t i c  and t h e  B. o l e r a c e a  
l i n e  homozygous f o r  S^^ ( 8 2 - 0 3 9 ) ,  was i n c o m p a t i b i l i t y  a p p a r e n t  i n  b o t h  
d i r e c t i o n s  due t o  t h e  s h a r i n g  o f  an  . a c t i v e  S - a l l e l e .
I n  r e g a r d  t o  c r o s s e s  w i t h  B. c a m p e s t r i s , s y n t h e t i c  B. n ap u s  was 
a l w a y s  c o m p a t i b l e  w i t h  u n r e l a t e d  B. c a m p e s t r i s  i n  b o t h  d i r e c t i o n s ,
 ^ p r o v i d i n g  f u r t h e r  e v i d e n c e  t h a t  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  d o es  n o t  
o c c u r  b e tw e e n  B. c a m p e s t r i s  and B. n a p u s .
The i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  which was o b s e r v e d  t o  o c c u r  
•be tw een  B. n ap u s  and B. o l e r a c e a  i s  d i f f e r e n t  f rom t h a t  p r e v i o u s l y  
d i s c u s s e d  by Lewis  & Crowe ( 1958) f o r  t h e  C r u c i f e r a e .  F i r s t ,  i t  o c c u r s  
i n  a s y n t h e t i c  s p e c i e s  and  i t  i s  t h e  s y n t h e s i s  wh ich  a p p e a r s  t o  be t h e  
c a u s e  o f  i t s  o c c u r r e n c e .  S e c o n d l y ,  n e i t h e r  s p e c i e s  n ee d s  t o  be s e l f ­
c o m p a t i b l e .  T h i r d l y ,  when i t  does  o c c u r  be tw een  s e l f - c o m p a t i b l e  
B. napus  and s e l f - i n c o m p a t i b l e  B. o l e r a c e a  ( C h a p t e r  3 SC x S I )  i t  i s  
t h e  s e l f - i n c o m p a t i b l e  p o l l e n  t h a t  i s  i n h i b i t e d  on t h e  B. n ap u s  s t i g m a .  
I n  c o n t r a s t ,  Lewis  & Crowe (1958)  n o r m a l l y  found i n c o m p a t i b i l i t y  t o  
r e s u l t  f rom t h e  r e c i p r o c a l  c r o s s  i . e .  s t i g m a s  o f  t h e  s e l f - i n c o m p a t i b l e  
s p e c i e s  p o l l i n a t e d  by p o l l e n  o f  t h e  s e l f - c o m p a t i b l e  s p e c i e s  r e s u l t e d  
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Table  4 . 3 .  Mean p o l l e n  tube numbers i n  i n t r a  and i n t e r s p e c i f i c  
p o l l i n a t i o n s  f o l l o w i n g  p o l l i n a t i o n  o f  buds or t r e a t m e n t  w i th  
'■ * c y c l o h e x i m i d e .  (Exper iment  I  -  P a r t  2)
C r o s s
Bud s t i g m a s S t i g m a s  t r e a t e d  
w i t h  
c y c l o h e x i m i d e
U n t r e a t e d
s t i g m a s T o t a l
Mean
T r e a t m e n t  1 T r e a t m e n t  2 T r e a t m e n t  3
8 6-4 83  X 8 6 -4 8 3 17 .7 '' 47 1 .2 22
86X086 X B i t t e r n 51 .1 60 7 . 3 3 9 . 5
86X090 X 86X090 5 . 0 16.2 1-5 7 . 6
T o t a l  mean 2 4 . 6 41.1 3 . 3 23
N.B.  8 6 -4 8 3  
. 86X086 
86X090
B i t t e r n
B. napus s y n t h e t i c  
B. napus c u l t i v a r  
B. napus c u l t i v a r  (B ienvenu)  
B. o l e r a c e a  c u l t i v a r
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T a b l e  4 . 4 .  A n a l y s i s  o f  v a r i a n c e  o f  s q u a r e  r o o t  t r a n s f o r m a t i o n  
o f  p o l l e n  t u b e  numbers i n  E x p e r im e n t  I  ( P a r t  2)
S o u r c e  o f  
v a r i a t i o n
D e g ree s  o f  
f r ee d o m
Sum o f  
s q u a r e s
Mean s q u a r e V a r i a n c e
r a t i o
Day 1 0 .5 5 4 0.554
T r e a t m e n t 2 365.293 182 .647 4 0 .8 3 5 * * *
C ro s s 2 195.7 9 7 . 8 5 2 1 .8 7 7 * * *
T r e a t m e n t  x C ro s s 4 4 0 .9 8 1 0 .2 4 5 2 . 2 9 l " ' ^ '
R e s i d u a l 8 3 5 .7 8 2 4.473
*** P<0.001
n . s .  n o t  s i g n i f i c a n t
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T a b l e  4 . 5  Mean p o l l e n  t u b e  numbers ( s q u a r e  r o o t  t r a n s f o r m a t i o n )  o f
E x p e r i m e n t  I  ( P a r t  2)
. «
T a b l e  4 . 5 . a
T r e a t m e n t
Bud
s t i g m a s
S t i g m a s  
t r e a t e d  w i t h  
c y c l o h e x i m i d e
U n t r e a t e d
s t i g m a s
Mean 4 . 1 8 6 . 0 2 1 .14
SED 0 .5 4 6 "
DF 8
T a b l e  4 . 5 . b
C ro ss 8 6 -4 8 3  X 8 6 -4 83 8 6 -4 8 3  X B i t t e r n 86X090 X 86X090
Mean 3 .6 9 4 . 6 3 2 . 0 2
SED 0 .5 4 6
DF 8
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Table  4 . 6 .  R e s u l t s  o f  Expe r im ent  I I  ( P a r t  2)
Mean p o l l e n  t u b e  numbers  p e r  s t i g m a  i n  c r o s s e s  t r e a t e d  
w i t h  o r  w i t h o u t  CO^ gas
C ro s s c o m b i n a t i o n Mean p o l l e n t u b e  number
S t ig m a X P o l l e n CO2 t r e a t e d  s t i g m a s c o n t r o l  s t i g m a s
8 6 -4 8 3 8 6 - 4 8 3 2 0
8 6 -4 8 3 87X048 35 35
86 -4 8 3 8 5 -3 6 2 0 0
86 -4 8 3 85 -3 3 8 0 0
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CHAPTER 5
SELF AND CROSS-COMPATIBILITY OF F^s  
PRODUCED FROM B. NAPUS SYNTHETIC LINES
5.1  INTRODUCTION
I n  C h a p t e r  3 , t h e  o p e r a t i o n  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m  and  
a c t i v i t y  o f  S - a l l e l e s  was d e t e r m i n e d  i n  s e v e n  s y n t h e t i c  B. n ap u s  l i n e s  
o f  known S - l o c u s  g e n o t y p e .  I t  was e s t a b l i s h e d  t h a t  b o t h  S - l o c i  (one  
i n h e r i t e d  f rom B. o l e r a c e a , t h e  o t h e r  f rom B. n a p u s ) were  f u n c t i o n a l  
and t h a t  t h e r e  were i n t e r a c t i o n s  b e tw e en  them w i t h  r e s p e c t  t o  S - a l l e l e  
^ e x p r e s s i o n .  Two l o c u s  s p o r o p h y t i c  i n c o m p a t i b i l i t y  s y s t e m s  have  n o t  
p r e v i o u s l y  been  c l e a r l y  e s t a b l i s h e d  i n  t h e  l i t e r a t u r e  w i t h  t h e  
e x c e p t i o n  o f  t h o s e  r e p o r t e d  by R i l e y  (1 9 3 2 ,  1936) an d  C o r r e n s  (1 912 )  
f o r  C a p s e l l a  b u r s a - p a s t o r i s  and Cardamine p r a t e n s i s  r e s p e c t i v e l y .
R i l e y  (1 9 3 2 ,  1936) p r o p o s e d  t h a t  C a p s e l l a  b u r s a - p a s t o r i s  p o s s e s s e d  
a s e l f - i n c o m p a t i b l e  s y s t e m  i n v o l v i n g  two i n c o m p a t i b i l i t y  l o c i  w i t h  one  
gene e p i s t a t i c  t o  t h e  o t h e r  and w i t h  s p o r o p h y t i c  c o n t r o l  o f  t h e  p o l l e n  
r e a c t i o n .  However, de N e t t a n c o u r t  (1972)  l a t e r  showed t h a t  most  o f  t h e  
s e g r e g a t i o n  d a t a  a c c u m u l a t e d  by R i l e y  c o u l d  e q u a l l y  be e x p l a i n e d  by a 
s i n g l e  g e n e t i c  l o c u s  w i t h  a p o l y a l l e l i c  s e r i e s .  I n  
Cardamine  p r a t e n s i s , Bateman ( 1 9 5 4 ,  1955) f o l l o w e d  up e a r l i e r  work 
c o n d u c te d  by C o r r e n s  ( 1 9 1 2 ) ,  and p r o p o s e d  t h a t  t h e  s p e c i e s  e x h i b i t e d  
s p o r o p h y t i c  c o n t r o l  o f  b o t h  p o l l e n  an d  s t y l e  i n c o m p a t i b i l i t y  due t o  
t h e  a c t i o n  o f  two i n d e p e n d e n t  l o c i  a t  ea ch  o f  which was p r e s e n t  a 
d o m in a n t  and r e c e s s i v e  a l l e l e .
I n  v iew  o f  t h e  u n i q u e n e s s  o f  t h e  two l o c u s  s p o r o p h y t i c  r a u l t i -
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a l l e l i c  s y s t e m  c r e a t e d  i n  s y n t h e t i c  l i n e s  o f  B. napus  ^ i t  was 
r e c o g n i s e d  t h a t  a m a jo r  o b j e c t i v e  o f  t h e  p r e s e n t  r e s e a r c h  s h o u l d  be t o  
d e s c r i b e  t h e  o p e r a t i o n  and s e g r e g a t i o n  o f  t h e  p a r t i c u l a r  S - a l l e l e s  i n  
t h e s e  l i n e s .  To t h i s  end t h e  s t u d y  r e p o r t e d  i n  t h i s  C h a p t e r  was 
c o n d u c t e d  t o  a s s e s s  t h e  i n c o m p a t i b i l i t y  r e a c t i o n s  among F ^ ' s  t h a t  were  
p r o d u c e d  by i n t e r c r o s s i n g  t h e  s e v e n  s y n t h e t i c  l i n e s  o f  B. napus  o f  
known S - l o c u s  g e n o t y p e .  T h i s  a l l o w e d  an a s s e s s m e n t  o f  i n c o m p a t i b i l i t y  
r e a c t i o n s  when t h e  S - l o c i  were  i n  t h e  h e t e r o z y g o u s  r a t h e r  t h a n  
homozygous s t a t e  a s  was t h e  c a s e  i n  t h e  p r e v i o u s  a n a l y s i s  o f  s e l f -  and  
c r o s s - i n c o m p a t i b i l i t y  o f  s y n t h e t i c s  ' r e p o r t e d  i n  C h a p t e r  3.
5 . 2  MATERIALS AND METHODS
I n  December 198? f o u r t e e n  p l a n t s ,  two f rom ea c h  o f  t h e  s e v e n  l i n e s  o f  
s y n t h e t i c  B. n ap u s  ( C h a p t e r  2 ) ,  were  i n t e r c r o s s e d  t o  p r o d u c e  14 F^ 
l i n e s  ( T a b l e  5 . 1 ) .  B e c a u s e  o f  p o o r  s e e d  s e t  f rom  c r o s s e s  be tw e e n  
s y n t h e t i c  l i n e s  4 and 2 , o n l y  13 F ^ ’ s were  sown f o r  f u r t h e r  a n a l y s i s .  
Each o f  t h e s e  l i n e s  c o n t a i n e d  a f o u r  S - a l l e l e  c o m b i n a t i o n  t h a t  was 
h e te r o z y g o u s  a t  b o t h  S - l o c i .
E l e v e n  o f  t h e  F ^ ’ s w e re  made by c r o s s i n g  p a r e n t s  o r i g i n a l l y  
p ro d u c e d  by o v a r y  c u l t u r e  ( w i t h  B. c a m p e s t r i s  a s  f e m a l e ) .  The 2 
r e m a i n i n g  F ^ ’ s came f rom c r o s s e s  whe re  t h e  f e m a l e  p a r e n t  had b ee n  
p ro d u c e d  by embryo c u l t u r e .  A t o t a l  o f  th re e  d i f f e r e n t  f o u r  S - a l l e l e  
c o m b i n a t i o n s  were  p r o d u c e d .  T hese  h e t e r o z y g o u s  g e n o t y p e s  p l u s  t h e  
p a r e n t  l i n e s  which were  c r o s s e d  t o  p ro d u c e  them,  a r e  p r e s e n t e d  i n  
T a b l e  5 . 2 .
Ten s e e d s  o f  e a c h  F^ l i n e  were  sown a t  t h e  b e g i n n i n g  o f  A p r i l  1988 
and p l a n t s  were  r a i s e d  t o  m a t u r i t y  i n  a h e a t e d  g l a s s h o u s e  m a i n t a i n e d
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a t  20®C day and 14°C t e m p e r a t u r e  a t  n i g h t ,  u n d e r  n a t u r a l  l i g h t .  U s in g  
t h e s e  p l a n t s ,  two e x p e r i m e n t s  were  c o n d u c t e d .
. *
5 . 2 . 1 .  E x p e r i m e n t  1
A d i a l l e l  s e t  o f  c r o s s e s  b e tw e en  t h e  13 l i n e s  was c a r r i e d  o u t  
t o g e t h e r  w i t h  s e l f - p o l l i n a t i o n s  t o  d e t e r m i n e  t h e  s e l f - i n c o m p a t i b i l i t y  
s t a t u s  o f  p l a n t s .  For  e a c h  c r o s s ,  f i v e  f l o w e r s  t a k e n  r a n d o m ly  f rom 
t h e  p l a n t s  o f  e a c h  f a m i l y ,  we re  p o l l i n a t e d  an d  t h e  d e g r e e  o f  
i n c o m p a t i b i l i t y  was d e t e r m i n e d  a s  d e s c r i b e d  i n  C h a p t e r  3.  Each c r o s s  
was l a t e r  r e p e a t e d  u s i n g  3 newly  opened f l o w e r s  t o  c o n f i r m  r e s u l t s .
(-
5 . 2 . 2 .  E x p e r i m e n t  2
A l l  p o s s i b l e  c r o s s e s  were  made be tw een  ea ch  F^ l i n e  and  t h e  
B. c a m p e s t r i s  an d  B. o l e r a c e a  S - a l l e l e  hom ozy go tes  (S ^ ,  S^^, S^g ,  S ^^ ,  
S g ) ,  u s i n g  ra n d o m ly  t a k e n  f l o w e r s .  T e s t  p o l l i n a t i o n s  were  c a r r i e d  o u t  
on 3 new ly  o p en e d  f l o w e r s ,  an d  p o l l e n  t u b e  p e n e t r a t i o n  a s s e s s e d  a s  
d e s c r i b e d  i n  C h a p t e r  3.  A l l  t e s t  p o l l i n a t i o n s  were  r e p e a t e d  u s i n g  3 
f l o w e r s .
I n  a d d i t i o n  t o  t h e  main c r o s s i n g  programme, ea ch  F^ l i n e  was a l s o  
p o l l i n a t e d  w i t h  p o l l e n  f rom a known c o m p a t i b l e  l i n e  ( 8 2 - 2 1 3 ) ,  so  t h a t  
an  e s t i m a t e  o f  f e m a l e  s t e r i l i t y  c o u l d  be made.  Male s t e r i l i t y  was 
a l s o  examined  by v i s u a l  o b s e r v a t i o n  o f  a n t h e r s  and p o l l e n  g r a i n s .
I n  C h a p t e r  3 , i t  was shown t h a t  B. o l e r a c e a  p o l l e n  c o u l d  n o t  be 
u s e d  t o  t e s t  S - a l l e l e  r e l a t i o n s h i p s .  T h e r e f o r e ,  i n  t h i s  e x p e r i m e n t ,  
t h e  c r o s s e s  u s i n g  B. o l e r a c e a  a s  male were  made t o  i n v e s t i g a t e  t h e
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c o n t i n u i n g  o c c u r r e n c e  o f  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  b a r r i e r s  r a t h e r  
t h a n  to  s t u d y  t h e  g e n e t i c s  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m  i t s e l f .
«
5 . 3  RESULTS
5 . 3 . 1  -  R e s u l t s  o f  E x p e r i m e n t  1
The r e s u l t s  o f  s e l f - p o l l i n a t i o n s  and i n t e r l i n e  p o l l i n a t i o n s  b e tw e en  
F^s  a r e  p r e s e n t e d  i n  T a b l e  5 . 3 .  S e l f - i n c o m p a t i b i l i t y  l e v e l s  o f  
i n d i v i d u a l  l i n e s  and  o t h e r  r e s u l t s  a r e  d e a l t  w i t h  u n d e r  t h e  
a p p r o p r i a t e  h e a d i n g s  f o r  S - a l l e l e  c o n s t i t u t i o n .  However ,  i n  g e n e r a l ,  
p l a n t s  o f  a l l e l i c  c o n s t i t u t i o n  S^^S^S^S^ were  p a r t i a l l y  o r  f u l l y  s e l f ­
c o m p a t i b l e ,  w h i l e  F^ l i n e s  p o s s e s s i n g  t h e  o t h e r  two a l l e l i c  
c o m b i n a t i o n s  we re  s e l f - i n c o m p a t i b l e .
5 . 3 - 1 . 1  -  R e a c t i o n s  o f  l i n e s  c o n t a i n i n g  (Group I )
( l i n e s  1 . 5 ,  2 . 4 ,  5 .1  a n d  7 . 2 )
L i n e s  c o n t a i n i n g  t h e  a l l e l e s  S^gS^^S^S^ w e r e ,  i n  t h e  mai n ,
i n c o m p a t i b l e  when c r o s s e d  w i t h  ea c h  o t h e r .  However ,  p o l l e n  o f  t h e  F^
l i n e s  1 .5  and 5 .1  p ro d u c e d  o v e r  30 p o l l e n  t u b e s  p e r  s t i g m a  when
c r o s s e d  w i t h  l i n e  7 . 2  -  ( an  F^ which c o n t a i n e d  B. o l e r a c e a  c y t o p l a s m ) .
I n  r e c i p r o c a l  c r o s s e s  b e tw e en  l i n e s  c o n t a i n i n g  and t h e  F ' s29 14 a b 1
o f  ^ 2 9 ^ 2 ^ a ^ b  g e n o t y p e ,  p o l l e n  a l w a y s  p r o d u c e d  l e s s  t h a n  13 t u b e s  p e r  
s t i g m a .  I n  c o n t r a s t ,  when l i n e s  w e re  u s e d  a s  t h e  p o l l e n
p a r e n t s  i n  c r o s s e s  w i t h  t h e r e  was g e n e r a l l y  c o n s i d e r a b l e
t u b e  p e n e t r a t i o n  (>50 t u b e s ) .
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5 . 3 .  1.2 -  R eaction  o f  l in e s  c o n ta in in g  (Group I I )
( l i n e s  1 .6 ,  3 . 4 ,  4 . 3 ,  6 . 1  and 7 . 3 )
C r o s s e s  be tw e e n  l i n e s  c o n t a i n i n g  t h e  a l l e l e s  ^ 2 9 ^ 2 ^ a ^ b  
a l w a y s  i n c o m p a t i b l e  w i t h  no more t h a n  9 p o l l e n  t u b e s  p r o d u c e d  p e r  
i n t r a g r o u p  c r o s s .  I t  was a l s o  e v i d e n t  t h a t  p o l l e n  f rom  l i n e s  o f  
^ 2 9 ^ l 4 ^ a ^ b  g e n o t y p e  was i n c o m p a t i b l e  on s t i g m a s  o f  F ^ ’ s  c o n t a i n i n g  t h e  
a l l e l e s ,  p r o d u c i n g  no more t h a n  8 t u b e s  p e r  s t i g m a  i n  a n y  
c r o s s .  I n  c o n t r a s t ,  when t h e  ^ 2 9 ^ 2 ^ a ^ b  we re  p o l l i n a t e d  by
l i n e s ,  i t  was g e n e r a l  f o r  more t h a n  20 t u b e s  t o  be p r o d u c e d  
p e r  s t i g m a .  However ,  o n l y  i n  t h e  c r o s s  b e tw een  l i n e  6 .1  and 2 . 6  was 
 ^ m easu re  o f  t r u e  c o m p a t i b i l i t y  o b t a i n e d , w i t h  a mean o f  o v e r  50 t u b e s  
p ro d u c e d  p e r  s t i g m a .
' 5 . 3 . 1 . 3  -  R e a c tio n  o f  F  ^ l i n e s  c o n ta in in g  (Group I I I )
( l i n e s  2 . 6 ,  3 - 5 ,  5 - 3  and 6 . 2 )
As w e l l  a s  b e i n g  p a r t i a l l y  s e l f - c o m p a t i b l e ,  F^ l i n e s  c o n t a i n i n g
t h e  a l l e l i c  c o m b i n a t i o n  were  m o d e r a t e l y  c o m p a t i b l e  w i t h  ea ch
o t h e r  b a s e d  on i n t e r l i n e  c r o s s e s .  Only  c r o s s e s  i n  w h ich  l i n e  5 . 3  was
p o l l i n a t e d  by l i n e s  2 . 6  o r  3 . 5  y i e l d e d  no p o l l e n  t u b e s  p e r  s t i g m a .
C o n s i d e r a b l e  t u b e  p e n e t r a t i o n  was e v i d e n t  when t h e  S . , ,S^S S,. l i n e s14 2 a b
were  p o l l i n a t e d  by l i n e s  f rom t h e  o t h e r  two g r o u p s  (Group I  and  I I ) .
I n  t h e s e  c r o s s e s  t u b e  numbers  t e n d e d  t o  v a r y  f rom  20 t o  o v e r  75,  
a l t h o u g h  c e r t a i n  c r o s s e s  p r o d u c e d  f e w e r  t u b e s .
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5 .3 .2  -  R e su lts  o f  E xpe rim ent 2
The r e s u l t s  o f  t e s t  p o l l i n a t i o n s  between  t h e  13 l i n e s  and 
B. c a m p e s t r i s  and homozygotes  and B. o l e r a c e a  and
homozygotes  a r e  summar ised i n  T ab le  5 . 4 .
5 . 3 . 2 . 1  -  R ea ctio n  o f  F^s w ith  B. ca m p estr is
^2 9 ^ l4 ^ a ^ b  p o l i c e  a p p e a r e d  t o  be e f f e c t i v e l y  c o m p a t i b l e  w i t h  b o t h
and B. c a m p e s t r i s , w i t h  p o l l e n  t u b e s  p e r  s t i g m a  r a n g i n g  f rom 28
t o  75.  P o l l e n  f rom t h e  8 S 8 8 , and S . , , 8„8 8 , F. l i n e s  were a l s o2 a D 14 2 a b 1
c o m p a t i b l e  w i t h  8^ and 8 ^ .  However,  tu b e  numbers  were low (15 and 17 
t u b e s  r e s p e c t i v e l y )  i n  c r o s s e s  i n  which l i n e s  4 . 3  and 5 . 3  were used  to  
p o l l i n a t e  t h e  8^ B. c a m p e s t r i s  l i n e .
When c r o s s e s  were made u s i n g  B. c a m p e s t r i s  t e s t e r s  a s  t h e  p o l l e n  
p a r e n t  t h e  8 ^ l i n e  p ro d u c ed  no p o l l e n  t u b e s  when c r o s s e d  w i t h  F ^ ' s  o f  
S2g8 ^^8^8^ g e n o t y p e .  I n  c o n t r a s t ,  t h e  B. c a m p e s t r i s  8 ^ l i n e  p ro d u c ed  
o v e r  75 t u b e s  when c r o s s e d  w i t h  l i n e  2 . 4  b u t  o n l y  8 t u b e s  w i t h  l i n e
5 . 1 .  L in e s  o f  82 g8 g8^8 ^ g e n o t y p e  were  a lw ay s  i n c o m p a t i b l e  w i t h  8 ^^ 
p o l l e n  b u t  i n  g e n e r a l  showed good c o m p a t i b i l i t y  w i t h  8^ p o l l e n  l i n e s  
e x c e p t ,  t h a t  i s ,  when l i n e  1 .6 was t h e  p o l l e n  r e c i p i e n t .  R a t h e r  
s u r p r i s i n g l y ,  l i n e s  c o n t a i n i n g  t h e  a l l e l e s  a p p e a r e d  t o  be
i n c o m p a t i b l e  w i t h  b o t h  8 ^ and 8^ p o l l e n ,  w i t h  o n l y  0 t o  15 p o l l e n  
t u b e s  p r o d u c ed  p e r  s t i g m a .
5 . 3 . 2 . 2  -  R e a ctio n s  o f  F^s w ith  B. o le r a c e a
U sing t h e  B. o l e r a c e a  8 - a l l e l e  homozygotes  a s  f e m a le  p a r e n t s ,
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p o l l e n  f rom l i n e s  c o n t a i n i n g  a l l e l e s  p r o d u c e d  l e s s  t h a n  3
t u b e s  p e r  s t i g m a  on p l a n t s  o f  S^g o r  c o n s t i t u t i o n ,  b u t  was 
c o m p a t i b l e  on s t i g m a s .
P o l l e n  f rom l i n e s  c o n t a i n i n g  S^gS^S^S^ gave no p o l l e n  t u b e s  i n  
c r o s s e s  w i t h  Sg_ b u t ,  i n  g e n e r a l ,  showed good c o m p a t i b i l i t y  on and  
s t i g m a s .  F i n a l l y ,  p o l l e n  o f  t h e  l i n e s  v a r i e d  i n
c o m p a t i b i l i t y  w i t h  B. o l e r a c e a  hom ozyg ot e .  Over 75 p o l l e n  t u b e s  were  
p ro d u c e d  i n  c r o s s e s  b e tw e en  l i n e  5 . 3  p o l l e n  and t h e  t h r e e  B. o l e r a c e a  
S - a l l e l e  hom ozygo tes  w h i l e  l i n e  6 . 2 . p o l l e n  p r o d u c e d  o n l y  0 an d  7 
p o l l e n  t u b e s  on and S^^ s t i g m a s  b u t  40 p o l l e n  t u b e s  on s t i g m a s .  
T h e re  was a g a i n  e v i d e n c e  o f  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  i n  
 ^ c r o s s e s  b e tw e e n  B. o l e r a c e a  p o l l e n  and t h e  F^ l i n e s ,  a l t h o u g h  
S^gS^^S^S^ l i n e s  p o l l i n a t e d  w i t h  p o l l e n  y i e l d e d  60 t o  >75 p o l l e n  
t u b e s  p e r  s t i g m a ,  and i n t e r m e d i a t e  numbers o f  p o l l e n  t u b e s  ( 3 0 - 6 0 )  
were  o b t a i n e d  when t h e  F ^ ' s  6 . 1 ,  2 . 6 ,  3 . 5  and  5 . 3  w e re  p o l l i n a t e d  by 
B. o l e r a c e a  and S^g h o m o zy g o te s .  I n  n e a r l y  a l l  o t h e r  c r o s s e s  
p o l l e n  t u b e  numbers  we re  c l o s e  t o  0.
5 . 4  ANALYSES
I n  C h a p t e r  3 t h e  S - a l l e l e  s t a t u s  o f  s y n t h e t i c s  was d e s c r i b e d  an d  i t  
was shown t h a t
( a )  Where 2 a l l e l e s  we re  p r e s e n t ,  a l l e l i c  a c t i v i t y  c o u l d  be 
d e t e r m i n e d  by i n t r a s p e c i f i c  p o l l i n a t i o n s .
(b )  C r o s s e s  w i t h  t h e  s y n t h e t i c s  i n v o l v i n g  p a r e n t a l  B. o l e r a c e a  l i n e s  
a s  f e m a l e ,  and  B. c a m p e s t r i s  l i n e s  a s  b o t h  f e m a l e  an d  m a le ,  gave 
r e s u l t s  w h ich  c o n f i r m e d  t h e  f i n d i n g s  o f  t h e  i n t r a s p e c i f i c  d a t a .
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From t h e  d a t a  o b t a i n e d  i n  C h a p t e r  3 and a know led ge o f  t h e
dom inance r e l a t i o n s h i p s  o f  t h e  o r i g i n a l  S - a l l e l e s  we c o u l d  e x p e c t  t h e
f o l l o w i n g  a l l e l e  a c t i v i t i e s  i n  t h e  t h r e e  d i f f e r e n t  4 S - a l l e l e  , *
c o m b i n a t i o n s  i n v e s t i g a t e d  h e r e .
( a )  I n  p o l l e n  o f  F^s  c o n t a i n i n g  t h e  ^ 2 9 ^ l 4 ^ a ^ b  ^ ^ ^ ^ l e s ,  i s
e x p e c t e d  t o  be r e c e s s i v e  t o  S ^ , S^g and S^^;  w h i l e  S^ would  be c o ­
d o m in a n t  t o  b o t h  S^Q and S^^ ( C h a p t e r  3 ) .  [ N o t e :  an d  S^g a r e
e x p e c t e d  t o . b e  c o - d o m i n a n t  (Van H a l ,  1968 -  u n p u b l i s h e d ) ] .  I n  s t i g m a s ,
S__ s h o u l d  be d o m in an t  t o  S and S, c o - d o m i n a n t  t o  S__,  S , „  and S .29 a b 29 14 a
The e x p e c t e d  r e l a t i o n s h i p  b e tw e en  S^g and S^^ i s  l e s s  c e r t a i n  a s  b o t h  
co - d o m in a n c e  an d  p a r t i a l  dom inance o f  S^g to  S^^ hav e  bee n  r e p o r t e d  by 
Van Hal  (1968 -  u n p u b l i s h e d ) .  The e x p e c t e d  a l l e l e , a c t i v i t i e s  i n  
p o l l e n  an d  s t i g m a s  o f  t h e  f o u r  S - a l l e l e s  can t h e r e f o r e  be  sum m ari sed  
a s  f o l l o w s ; Ô
29 14 929 (14)
b a
= c o - d o m i n a n t
1-► 2 a l l e l e  1 d o m in an t  t o  2
( ) p a r t i a l l y  r e c e s s i v e  ( s o m e t im es )
? a l l e l e  r e l a t i o n s h i p  n o t  d e t e r m i n e d
(b )  I n  p o l l e n  f rom p l a n t s  o f  S ,^ SgS^S^ g e n o t y p e ,  S^ an d  S^ a r e  
e x p e c t e d  t o  be r e c e s s i v e  t o  and S^ ( C h a p t e r  3 and Van H a l ) .  
would  be  e x p e c t e d  t o  be c o - d o m i n a n t  t o  S ^ g . a s  would  S^ w i t h  S^ .
I n  t h e  s t i g m a ,  S^and S^ s h o u l d  be r e c e s s i v e  t o  S^g and S^ c o -
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d o m in a n t  t o  S ^ g .  The r e l a t i o n  be tween  and  would  be l e s s  c e r t a i n  
( C h a p t e r  3) w i t h  b e i n g  e i t h e r  c o - d o m i n a n t  o r  d o m i n a n t  t o  S ^ .
F i n a l f y  i s  e x p e c t e d  t o  be  c o - d o m i n a n t  t o  b o t h  and  S^ .
Thus, t a k e n  o v e r a l l ,  t h e  f o l l o w i n g  p a t t e r n  o f  a l l e l e  a c t i v i t y  s h o u l d  
o c c u r  i n  p o l l e n  and s t i g m a s .
Ô 9
29 29
b a b a
 ^ ( c )  I n  p o l l e n  o f  F ^ ' s  c o n t a i n i n g  t h e  a l l e l e s ,  and a r e
e x p e c t e d  t o  be r e c e s s i v e  t o  an d  ; w h i l e  8 ^ ^ an d  8 ^ ,  and S. and 
8 g s h o u l d  show c o - d o m i n a n c e .
I n  t h e  s t i g m a ,  8^ an d  8^  s h o u l d  be c o - d o m i n a n t  t o  and , b u t  
t h e  r e l a t i o n  b e tw e en  8^  ^ and  8^  would  be u n c e r t a i n  ( s e e  a b o v e ) ,  a s  would  
t h a t  b e tw een  8^^ and 8 ^ .  Th us ,  t h e  e x p e c t e d  p a t t e r n  o f  a l l e l e  
a c t i v i t i e s  i n  p o l l e n  an d  s t i g m a s  s h o u l d  be a s  f o l l o w s ;
Ô 9
14
From t h e  a l l e l e  a c t i v i t i e s  i n d i c a t e d  above  f o r  t h e  t h r e e  d i f f e r e n t  
4 8 - a l l e l e  c o m b i n a t i o n s  we can dedu ce t h e  e x p e c t e d  i n t r a l i n e  and 
i n t e r s p e c i e s  c o m p a t i b i l i t i e s  and  compare them t o  t h e  o b s e r v e d  d a t a .
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For  t h e  c o m p a r i s o n , f i r s t  a summary o f  t h e  r e s u l t s  o f  c r o s s e s  be tw e en  
t h e  13 F^ l i n e s  o f  B. n a p u s , an d  between t h e s e  l i n e s  and t h e  
B. c a m p e s t r i s  an d  B. o l e r a c e a  g e n o t y p e s  ( p r e s e n t e d  i n  t e r m s  o f  w h e t h e r--------- V " " -------------------
a c r o s s  was c o m p a t i b l e  o r  n o t ) ,  i s  g i v e n  i n  T a b l e s  5 -5  and 5 -6  
r e s p e c t i v e l y .  T h i s  i s  f o l l o w e d  by a T ab le  t h a t  com pares  t h e  e x p e c t e d  
and o b s e r v e d  f i n d i n g s  ( T a b l e  5 . 7 ) .  C r o s s e s  b e tw een  B. n ap u s  F ^ ’ s 
i n v o l v i n g  t h e  and S^gS^S^S^ g e n o t y p e s  w e re  m a i n l y
i n c o m p a t i b l e  w h e t h e r  u s e d  a s  p o l l e n  o r  s t i g m a .  C o n s i s t e n t  w i t h  t h e
e x p e c t e d  r e s u l t s  and  e v i d e n c e  t h a t  t h e  common a l l e l e  (S ^g )  was a c t i v e  ‘i
i n  b o t h  p o l l e n  an d  s t i g m a  ( T a b l e  5 . 7 ) .  However, ,  a s  n o t e d  e a r l i e r  
( T a b l e  5 . 3 ) ,  s t i g m a s  o f  l i n e  7 . 2  a p p e a r e d  t o  be c o m p a t i b l e  w i t h  p o l l e n
o,f l i n e s  1 .5  and 5-1 ( T a b l e  5 . 5 ) .  The c a u s e  o f  th j i s  i s  unknown b u t
c o u l d  be r e l a t e d  t o  t h e  c y t o p l a s m  o f  l i n e  7 . 2  b e i n g  d e r i v e d  f rom 
B. o l e r a c e a  w h i l e  o t h e r  l i n e s  c o n t a i n e d  t h e  c y t o p l a s m  o f  
B. c a m p e s t r i s . The r e s u l t s  o f  r e c i p r o c a l  c r o s s e s  b e tw e en  l i n e s  
c o n t a i n i n g  t h e  a l l e l e s  and l i n e s  c o n t a i n i n g  SggS^^S^S^ o r
S^gS^S^S^ d i d  n o t  e n t i r e l y  f i t  e x p e c t a t i o n s  a s  t h e y  a p p e a r e d  t o  be 
g e n e r a l l y  c o m p a t i b l e .  When u s e d  a s  t h e  f e m a l e  p a r e n t , l i n e s  c o n t a i n i n g  
^ ^ 4 ^ 2 ^ a ^ b  were  c o m p a t i b l e  w i t h  a l l  t h e  l i n e s  i n c l u d i n g  s e l f - p o l l e n .
T h i s  was c o n t r a d i c t o r y  t o  e x p e c t a t i o n s .  As i s  so m e t im e s  d o m i n a n t  
t o  S ( V a n  H a l ,  1968 -  u n p u b l i s h e d ) ,  i t  would  n o t  be u n e x p e c t e d  f o r  ê
p o l l e n  f rom l i n e s  t o  be  c o m p a t i b l e  on s t i g m a s  o f  l i n e s  i
c o n t a i n i n g  and t h i s  was wha t  was f o u n d .  I t  i s  e v i d e n t  ;
t h e r e f o r e  t h a t  S^g was d o m i n a n t  t o  i n  s t i g m a  and S was i n a c t i v e  
i n  p o l l e n  a n d / o r  t h e  S^gS^S^S^ s t i g m a .  '
The r e s u l t s  o f  i n t e r s p e c i f i c  c r o s s e s  b e tw e en  t h e  B. n a p u s  F ^ ’ s and  j
B. c a m p e s t r i s  u s e d  a s  t h e  p o l l e n  p a r e n t  ( T a b le  5 . 6  and 5 . 7 )  we re  %
c o n s i s t e n t  w i t h  t h e  e x p e c t e d  r e s u l t s  and showed t h a t ,  i n  t h e  F^ l i n e s
o f  and g e n o ty p e ,  was a c t i v e  w h i l e  was
i n a c t i v e  i n  t h e  f e m a l e .  I n  c o n t r a s t ,  i n  t h e  o t h e r  g ro up  o f  F ^ ' s
( S , ^ S x S _ S ^ ) ,  b o t h  S_ and were  a c t i v e .  U s i n g  B. c a m p e s t r i s  a s  t h e) 4  c  3. D 3  D
f e m a l e  p a r e n t ,  i n  t h e  s t i g m a  gave  c o m p a t i b l e  p o l l i n a t i o n s  w i t h  a l l  
F^ l i n e s  wh ich  was c o n s i s t e n t  w i t h  t h e  e x p e c t e d  r e s u l t s ,  and  e v i d e n c e  
t h a t  i s  i n a c t i v e  i n  t h e  p o l l e n  o f  a l l  t h r e e  g r o u p s  o f  F ^ ’ s .
However ,  t h e  r e s u l t s  o b t a i n e d  w i t h  i n  s t i g m a s  o f  B. c a m p e s t r i s  were  
n o t  a s  e x p e c t e d .  The homozygote  o f  B. c a m p e s t r i s  was c o m p a t i b l e  
w i t h  t h e  p o l l e n  o f  a l l  F^  ^ l i n e s ,  e v i d e n c e  t h a t  i n  a l l  t h r e e  g r o u p s  o f  
F ^ ' s  was i n a c t i v e  i n  p o l l e n .
R e s u l t s  o f  c r o s s e s  b e tw e en  B. o l e r a c e a  a s  f e m a l e  p a r e n t  and  t h e  F^  ^
 ^ l i n e s  we re  c o n s i s t e n t  w i t h  t h o s e  e x p e c t e d ,  e x c e p t  t h a t  l i n e s  
c o n t a i n i n g  gave a r a n g e  o f  0 -  75 t u b e s  w i t h  s t i g m a s  o f
g e n o t y p e .  T h i s  u n e x p e c t e d  r e s u l t  c o u l d  be an  e f f e c t  o f  t h e  s e l f ­
c o m p a t i b i l i t y  i n  S^ySpS S. l i n e s .
When B. o l e r a c e a  was u s e d  a s  t h e  p o l l e n  p a r e n t  v e r y  l i t t l e  u s e f u l  
e v i d e n c e  was o b t a i n e d  a l t h o u g h  l i n e s  c o n t a i n i n g  were
c o m p a t i b l e  w i t h  S^g p o l l e n  and i n c o m p a t i b l e  w i t h  p o l l e n  a s  
e x p e c t e d ,  e v i d e n c e  t h a t  i s  a c t i v e  i n  t h i s  g r o u p .
From t h e  i n t e r s p e c i f i c  c r o s s e s ,  i t  a p p e a r e d  t h a t  was a c t i v e  i n
a l l  t h r e e  g r o u p s  o f  F ^ ' s  b u t  t h a t  S was a c t i v e  o n l y  i n  Group I I I
(S ^^S^S^S^)  s t i g m a s .  B. c a m p e s t r i s  a s  t h e  f e m a l e  p a r e n t  gave no 
e v i d e n c e  f o r  S - a l l e l e  a c t i v i t y  i n  t h e  p o l l e n  o f  t h e  F ^ ' s ,  b u t  t e s t s  
w i t h  B. o l e r a c e a  a s  t h e  f e m a l e  p a r e n t  gave e v i d e n c e  f o r  a c t i v i t y  o f  
Sgg and i n  t h e  p o l l e n  o f  t h e  F,  ^ g ro u p  o f  g e n o t y p e  and
o f  Sgg i n  t h e  F^ g ro u p  c o n t a i n i n g  S^gS^S^S^ a l l e l e s .
A p a r t  f rom e v i d e n c e  o f  a c t i v i t y  o f  S and i n  6 . 2 ,  l i n e s
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c o n t a i n i n g  showed no B. o l e r a c e a  S - a l l e l e  a c t i v i t y  i n  th e
p o l l e n .
5 .5  DISCUSSION
5 . 5 . 1 .  D i s t i n g u i s h i n g  b e tw e en  c o m p a t i b l e  and i n c o m p a t i b l e  c r o s s e s
As d e s c r i b e d  i n  C h a p t e r  3,  a g r e a t  v a r i a t i o n  i n  d e g r e e  o f  b o t h  
c o m p a t i b l e  and  i n c o m p a t i b l e  p o l l i n a t i o n s  was n o t e d  t h r o u g h o u t  t h i s  
r e s e a r c h .  F i g s .  5 .1  and 5 . 2  i l l u s t r a t e  t h e  d i s t r i b u t i o n  o f  mean 
p o l l e n  t u b e  numbers  p e r  s t i g m a  i n  i n t e r s p e c i f i c  and i n t r a s p e c i f i c  
 ^ p o l l i n a t i o n s  i n v o l v i n g  t h e  F ^ ' s .  The d i s t r i b u t i o n  o f  t h e  p o l l e n  t u b e  
number c l a s s e s  i n  t h e  i n t e r s p e c i f i c  c r o s s e s  was s i m i l a r  t o  t h e  
d i s t r i b u t i o n s  n o t e d  i n  C h a p t e r  3.  Most  c r o s s e s  (75%) gave  l e s s  t h a n  
10 o r  more t h a n  50 t u b e s  and v e r y  few c r o s s e s  y i e l d e d  b e tw e en  21 -3 0  
p o l l e n  t u b e s  p e r  s t i g m a  ( F i g .  5 . 1 ) .  I n  c r o s s e s  be tw een  F ^ ' s  ( F i g .  
5 . 2 ) ,  h o w e v e r ,  t h e  c l a s s  o f  c r o s s e s  w i t h  t h e  s m a l l e s t  number  o f  
p o l l i n a t i o n s  was 4 1 - 5 0 .  The g r e a t e r  number o f  c r o s s e s  w hi ch  p r o d u c e d  
t u b e  numbers  f a l l i n g  w i t h i n  t h e  11 -2 0 ,  2 1 -3 0  and 3 1 -4 0  c l a s s e s  may 
have  bee n  due e i t h e r  t o  p a r t i a l  s e l f - c o m p a t i b i l i t y  o r  p a r t i a l  
e x p r e s s i o n  o f  a p a r t i c u l a r  S - a l l e l e  w i t h i n  a  l a r g e  number o f  t e s t  
c r o s s e s .  T a k i n g  a c c o u n t  o f  t h e  d i s t r i b u t i o n ,  i t  was d e c i d e d  t h a t  a 
mean o f  o v e r  30 p o l l e n  t u b e s  wou ld  be r e g a r d e d  a s  a c o m p a t i b l e  one  and 
below 20 a s  an  i n c o m p a t i b l e  o n e .  I n t e r m e d i a t e s  wh ich  gave 2 1 -3 0  
p o l l e n  t u b e s  w e re  e v a l u a t e d  i n d i v i d u a l l y .
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5 . 5 . 2  I n t r a s p e c i f i c  t e s t  c r o s s e s
The r e s u l t s  showed t h a t  c r o s s e s  bet ween  t h e  F, l i n e s  o f  B. n ap u s  i n  « 1
Group I  and Group I I  we re  s e l f - i n c o m p a t i b l e
w h i l e  t h o s e  b e tw een  l i n e s  i n  Group I I I  ( S , „ S ^ S  S, ) we re  e i t h e r
1 4  a  b
p a r t i a l l y  s e l f - c o m p a t i b l e  o r  f u l l y  s e l f - c o m p a t i b l e .
R e s u l t s  o f  c r o s s e s  b e tw e en  and w i t h i n  g r o u p s  w e re  l a r g e l y  
c o n s i s t e n t  w i t h  t h o s e  e x p e c t e d ,  i . e .  c r o s s e s  b e tw e en  l i n e s  o f  Group I  
and I I  were r e c i p r o c a l l y  i n c o m p a t i b l e  ( T a b le  5 . 3 ) ,  w h i l e  l i n e s  o f  b o t h  
g r o u p s  a p p e a r e d  more o r  l e s s  c o m p a t i b l e  w i t h  Group I I I  p o l l e n .
However,  when l i n e s  o f  Group I I I  were  u sed  a s  t h e  f e m a l e  p a r e n t ,  
c r o s s e s  b e tw e en  t h e s e  l i n e s  and t h o s e  o f  t h e  o t h e r ,  g r o u p s  were  a l s o  
c o m p a t i b l e  which d i d  n o t  a c c o r d  w i t h  e x p e c t a t i o n s .
T h e re  were  a number o f  c r o s s e s  i n  which t h e  i n d i v i d u a l  r e s u l t s  
w ere  d i f f e r e n t  f rom t h e  g e n e r a l  r e s p o n s e  f o r  a p a r t i c u l a r  i n t e r -  o r  
i n t r a - g r o u p  c r o s s .  These  were  o f  two k i n d s ;  a c o m p a t i b l e  r e s p o n s e  
r e c o r d e d  whe re  an i n c o m p a t i b l e  one was e x p e c t e d , a n d  an  i n c o m p a t i b l e  
one  d e t e c t e d  where  a c o m p a t i b l e  was e x p e c t e d .  The f o r m e r  c o u l d  be due 
t o  t h e  f a i l u r e  o f  i n c o m p a t i b l e  mechanisms w h i l e  t h e  l a t t e r  c o u l d  be 
due e i t h e r  t o  f e r t i l i t y  o r  some form o f  ' f a l s e  i n c o m p a t i b i l i t y ' .  
Anomalous  c o m p a t i b l e  r e s p o n s e s  were  o n l y  r e c o r d e d  i n  t h e  c r o s s e s  
b e tw een  l i n e s  5 .1  and 1 .5  p o l l e n ,  w i t h  l i n e  7 . 2  i n  Group I .  T h e r e  i s  
no o b v i o u s  e x p l a n a t i o n  f o r  t h i s ,  a l t h o u g h  i t  may r e s u l t  f rom t h e  
i n t e r a c t i o n  o f  t h e  p a r t i c u l a r  g e n o t y p e  ( 1 . 5  and 5-1 were  r e c i p r o c a l s )  
w i t h  t h e  B. o l e r a c e a  c y t o p l a s m  p r e s e n t  i n  l i n e  7 . 1 .  Anomalous  
i n c o m p a t i b l e  c r o s s e s  were  r e c o r d e d  more o f t e n .  Group I I I  l i n e s ,  2 . 6  
and 6 . 2  p o l l e n ,  gave 15 p o l l e n  t u b e s  p e r  s t i g m a  o r  l e s s  i n  l i n e  1 .5  
st igmas,  d e s p i t e  t h e  g e n e r a l l y  h i g h  l e v e l s  o f  c o m p a t i b i l i t y  foun d i n
-  I l l  -
o t h e r  Group I  and I I I  i n t e r c r o s s e s .  Line  4 . 3  (Group I I )  p i s t i l s  were  
i n c o m p a t i b l e  w i t h  t h e  p o l l e n  f rom Group I I I  l i n e s  and i n  g e n e r a l ,  
p o l l e n ' t u b e  numbers  i n  c r o s s e s  bet w een  Group I I  and I I I  l i n e s  we re  
l o w e r  t h a n  m i g h t  be e x p e c t e d .  F u l l  c o m p a t i b i l i t y  was e x p e c t e d  b e tw e en  
t h e s e  two g r o u p s  f rom t h e  b a s i s  o f  a l l e l e  dominance r e l a t i o n s .  P o l l e n  
o f  Group I I I  was c l e a r l y  f u l l y  f u n c t i o n a l  ( T a b le  5 . 3  Group I  and I I  
and  T a b l e  5 . 8 )  b u t  Group I I  s t i g m a s  were  l e s s  f e r t i l e  ( s e e  t h e  
i n t e r s p e c i f i c  r e s u l t s  -  T a b l e  5 . 8 ) .
The m a j o r i t y  o f  an o m alo u s  i n c o m p a t i b l e  r e s u l t s  o c c u r r e d  u s i n g  
Group I I I  s t i g m a s  ( e . g .  4 c r o s s e s  w i t h  20 o r  f e w e r  t u b e s  i n  Groups  I I I  
X I ,  and 7 i n  c r o s s e s  b e tw e en  Groups  I I I  x I I ) .  I n  f a c t ,  t h e  p r e s e n c e  
^o f  s i g n i f i c a n t  l e v e l s  o f  s e l f - c o m p a t i b i l i t y  i n  t h i s  g ro u p  makes a n y  
i n t e r p r e t a t i o n  e x t r e m e l y  d i f f i c u l t .  I n  a d d i t i o n ,  t h e r e  was no 
p a r t i c u l a r  p a t t e r n  t o  t h e  o c c u r r e n c e  o f  i n c o m p a t i b i l i t y  e . g .  i t  was 
n o t  more common i n  l i n e s  w i t h  l o w e r  s e l f - c o m p a t i b i l i t y .  I n d e e d , i n  
c r o s s e s  i n v o l v e d  l i n e  2 . 6  a s  t h e  f e m a l e , o n l y  two c r o s s e s  y i e l d e d  l e s s  
t h a n  20 p o l l e n  t u b e s  p e r  s t i g m a  w h i l e , o f  t h e  c r o s s e s  i n v o l v i n g  l i n e  
5 . 3 ,  which was f u l l y  s e l f - c o m p a t i b l e ,  s e v e n  l e d  t o  t h e  p r o d u c t i o n  o f  
l e s s  t h a n  20 t u b e s  p e r  s t i g m a .
R e s u l t s  o f  c r o s s e s  b e tw e en  B. napu s  F^ p o l l e n  and B. c a m p e s t r i s  
( o u t c r o s s  8 2 - 2 1 3 ) ,  an i n t e r s p e c i f i c  c r o s s  t h a t  was n o r m a l l y  h i g h l y  
c o m p a t i b l e ,  y i e l d e d ,  a s  e x p e c t e d ,  a h i g h  number o f  p o l l e n  t u b e s  p e r  
s t i g m a  ( T a b l e  5 . 8 ) .  Thus i n c o m p a t i b l e  c r o s s e s  b e tw e en  F  ^ l i n e s  
i n v o l v i n g  7 . 3 ,  2 . 6  and 3 . 5  a r e  n o t  a p p a r e n t l y  due t o  r e d u c e d  f e r t i l i t y  
o f  t h e  p o l l e n  o f  F ^ ' s .
Amongst  t h e  Group I I I  F ^ ' s ,  t h e  most  s e l f - c o m p a t i b l e  l i n e s ,  3 . 5  
and 5 . 3 ,  had a common p a r e n t ,  l i n e  5 ( C h a p t e r  3) which was i t s e l f
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s e l f - c o m p a t i b l e .  T h i s  s e l f - c o m p a t i b i l i t y  a p p e a r e d  t o  be due t o  
f a i l u r e  o f  i n c o m p a t i b l e  a c t i v i t y  i n  t h e  s t i g m a ,  a l t h o u g h  p o l l e n  
a c t i v i t y  a p p e a r e d  n o r m a l .  However ,  n o t  a l l  F ^ ’ s p r o d u c e d  f rom l i n e  5 
we re  s e l f - c o m p a t i b l e ;  i n d e e d ,  l i n e s  1 .5 and- 5 .1  (Group I )  we re  f u l l y  
s e l f - i n c o m p a t i b l e .  Thes e  c o n t r a s t i n g  r e s u l t s  make i t  d i f f i c u l t  t o  
d e t e r m i n e  a l l e l i c  a c t i v i t i e s .
5 . 5 . 3  I n t e r s p e c i f i c  t e s t  c r o s s e s
R e s u l t s  o f  i n t e r s p e c i f i c  c r o s s e s  b e tw e en  t h e  B. n a p u s  F^ l i n e s  and 
B. c a m p e s t r i s  u s i n g  t h e  S. homozygote  a s  f e m a l e  p a r e n t  were  c o n s i s t e n t  
w i t h  e x p e c t a t i o n s .  T a b l e  5 . 4  shows t h a t  p o l l e n  of) a l l  t h r e e  F^ g r o u p s  
were  c o m p a t i b l e  on B. c a m p e s t r i s  S s t i g m a s .  More s u r p r i s i n g  was t h e  
f a c t  t h a t  B. c a m p e s t r i s  s t i g m a s  were  a l s o  c o m p a t i b l e  w i t h  p o l l e n  o f  
a l l  t h r e e  F^ g r o u p s ,  c o n t r a d i c t i n g  t h e  e x p e c t e d  r e a c t i o n s .  The l a t t e r  
c o u l d  be due t o  t h e  f a i l u r e  o f  t h e  i n c o m p a t i b i l i t y  mechanism due t o  
t h e  i n t e r s p e c i f i c  n a t u r e  o f  t h e  c r o s s .
When t h e  B. c a m p e s t r i s  S and S. l i n e s  were  u s e d  a s  t h e  male ------------------------  a b
p a r e n t ,  t h e  r e s u l t s  o f  c r o s s e s  we re  once  a g a i n  l a r g e l y  c o n s i s t e n t  w i t h  
t h o s e  e x p e c t e d .  p o l l e n  was i n c o m p a t i b l e  w i t h  l i n e s  f rom a l l  t h r e e  
F^ g r o u p s ,  i n d i c a t i n g  t h a t  was a c t i v e  w h i l e  p o l l e n  was m a i n l y  
c o m p a t i b l e  i n  c r o s s e s  w i t h  F^ Groups  I  and I I  b u t  i n c o m p a t i b l e  w i t h  
t h o s e  i n  Group I I I .  The l a t t e r  i n d i c a t e s  t h a t  i s  a c t i v e  o n l y  when 
c r o s s e d  w i t h  Group I I I  l i n e s .
T her e  were  no i n d i v i d u a l  an om alous  c o m p a t i b l e  r e s u l t s  a s  had been 
o b t a i n e d  w i t h  i n t e r s p e c i f i c  c r o s s e s  b u t  some an o m a lo u s  i n c o m p a t i b l e  
c r o s s e s  were  r e c o r d e d .  L in e  5 .1  i n  Group I  and l i n e  1 .6  i n  Group I I ,  
when p o l l i n a t e d  by B. c a m p e s t r i s  p o l l e n  y i e l d e d  l e s s  t h a n  9 p o l l e n
-  1 1 3  -
t u b e s  p e r  s t i g m a .  S i m i l a r l y  p o l l e n  o f  l i n e  4 . 3  p r o d u c e d  o n l y  15 
p o l l e n  t u b e s  p e r  s t i g m a  on s t i g m a s  o f  t h e  S^ h o m ozygo te .
I n t e r s p e c i f i c  o u t c r o s s  r e s u l t s  ( T a b l e  5 -8 )  and i n t e r - g r o u p  ( T a b l e  5 . 3 )  
r e s u l t s  showed t h a t  Group I I  s t i g m a s  were  l e s s  f e r t i l e .  T h e r e f o r e  t h e  
i n c o m p a t i b i l i t y  t h a t  r e s u l t s  f rom u s i n g  l i n e  1 .6  (Group I I )  may r e s u l t  
f rom r e d u c e d  f e m a l e  f e r t i l i t y ,  r a t h e r  t h a n  a t r u e  i n c o m p a t i b i l i t y  
r e a c t i o n .  However,  t h e  u n e x p e c t e d  i n c o m p a t i b i l i t y  r e s u l t i n g  f rom  
c r o s s e s  be tw e en  l i n e  5 .1  and p o l l e n ,  and l i n e  4 . 3  p o l l e n  and  
s t i g m a s  have  no su ch  s i m p l e  e x p l a n a t i o n .
Taken o v e r a l l , t h e  e x p r e s s i o n  o f  B. c a m p e s t r i s  a l l e l e s  can  be 
s um m ar i sed  a s  f o l l o w s :
B. n ap u s  Group S t ig m a  P o l l e n
:  " b
I I
III s S^a b
Thus no B. c a m p e s t r i s  a l l e l e  e x p r e s s i o n  o c c u r r e d  i n  t h e  p o l l e n  b u t  
b o t h  and were  e x p r e s s e d  i n  s t i g m a s  o f  Group III. The l a t t e r  
f i n d i n g  was p a r t i c u l a r l y  s u r p r i s i n g  i n  v iew o f  t h e  s e l f - c o m p a t i b l e  
n a t u r e  o f  Group III p l a n t s .  T u r n i n g  t o  t h e  r e s u l t s  o f  i n t e r s p e c i f i c  
c r o s s e s  b e tw e en  t h e  B. n ap u s  F ^ ' s  and  B. o l e r a c e a  h o m o z y g o t e s ,  i t  was 
known ( C h a p t e r  3) t h a t  B. o l e r a c e a  p o l l e n  c o u l d  n o t  be u s e d  f o r  t h e  
d e t e c t i o n  o f  S - a l l e l e  a c t i v i t y  due t o  i n t e r s p e c i f i c - i n c o m p a t i b i l i t y .
I n  t h e  e v e n t ,  B. o l e r a c e a  p o l l e n  gave  v a r i a b l e  r e s u l t s  w i t h  F ^ ' s  o f  
a l l  t h e  t h r e e  g r o u p s ,  c o n s i s t e n t  w i t h  p r e v i o u s  f i n d i n g s .
The r e s u l t s  o f  c r o s s e s  u s i n g  B. o l e r a c e a  a s  t h e  f e m a l e  w e re  i n  t h e  
m a i n , c o n s i s t e n t  w i t h  t h o s e  e x p e c t e d .  T ab le  5 .4  shows t h a t  Group I  
l i n e s  w e re  i n c o m p a t i b l e  w i t h  S^g an d  S^^ b u t  c o m p a t i b l e  w i t h  l i n e  S^ .
— 1 1 4  —
Group I I  a p p e a r e d  m a i n l y  c o m p a t i b l e  w i t h  B. o l e r a c e a  and and 
i n c o m p a t i b l e  w i t h  S^g.  F i n a l l y ,  Group I I I  l i n e s  we re  more o r  l e s s  
c o m p a t i b l e  w i t h  B. o l e r a c e a  l i n e s  S^,  and .
The re  were  a number o f  c r o s s e s  i n  which t h e  i n c o m p a t i b l e  r e s u l t s  
we re  d i f f e r e n t  f rom t h e  g e n e r a l  r e s p o n s e  f o r  a p a r t i c u l a r  g ro u p  b u t  
a g a i n  t h e r e  we re  no an om alous  c o m p a t i b l e  r e s u l t s .  Thus l i n e  6 .1  i n  
Group I I  ( T a b l e  5 . 4 )  p r o d u c e d  s e v e n  o r  l e s s  p o l l e n  t u b e s  p e r  s t i g m a  i n  
c r o s s e s  w i t h  B. o l e r a c e a  d e s p i t e  t h e  g e n e r a l  h i g h  l e v e l s  o f  
c o m p a t i b i l i t y  o b t a i n e d  when c r o s s e s  were made b e tw e en  o t h e r  Group I I  
F ^ ' s  and hom ozygo tes  f o r  t h e  and a l l e l e s . -  T hese  an o m alo u s  
r e s u l t s  c o u l d  be due t o  r e d u c e d  f e r t i l i t y  o r  f a l s e  i n c o m p a t i b i l i t y  i n  
B. o l e r a c e a . However ,  a c r o s s i n g  programme b e tw e en  t h e  B. o l e r a c e a  
homozygous l i n e s  ( T a b l e  5 . 9 )  showed t h a t  s t i g m a s  were  f u l l y  f u n c t i o n a l  
i n  t h e s e  l i n e s .
Taken o v e r a l l ,  t h e  g e n e r a l  p a t t e r n  o f  c o m p a t i b i l i t y  and 
i n c o m p a t i b i l i t y  fou nd  i n  t h e  v a r i o u s  c r o s s e s  s u g g e s t  t h a t  t h e  
e x p r e s s i o n  o f  t h e  B. o l e r a c e a  S - a l l e l e s  i n  t h e  F^ nap us  l i n e s  i s  a s  
f o l l o w s  :
B. napus  F^ Group S t ig m a  P o l l e n
I  n o t  d e t e c t e d  S^gS^^
"  ^29
I I I  "
5 . 6  CONCLUSIONS
The main c o n c l u s i o n  t o  be drawn f o r  t h e  two c r o s s i n g  programmes 
r e p o r t e d  i n  t h i s  C h a p t e r  a r e  a s  f o l l o w s .  I n  F ^ ' s  o f  s y n t h e t i c  
B. napus  which c o n t a i n  a 4 S - a l l e l e  c o m b i n a t i o n  ( i . e .  t h e  two S - l o c i
-  115
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a r e  h e t e r o z y g o u s  f o r  d i f f e r e n t  S - a l l e l e s ) ,  t h e  s e l f - i n c o m p a t i b i l i t y  
s y s t e m  f u n c t i o n e d  p r o v i d e d  t h a t  t h e  S^g a l l e l e  was p r e s e n t .  Among t h e  
F ^ ' s  wTiich l a c k e d  t h e  S^g a l l e l e  (Group I I I  l i n e s ) ,  t h e  most  s e l f ­
c o m p a t i b l e  l i n e s  were  3 .5  and 5 . 3  which were r e c i p r o c a l  p r o g e n y  
o b t a i n e d  f rom c r o s s i n g  B. napus  s y n t h e t i c  l i n e  5 (S^^S^)  wh ich was 
i t s e l f  s e l f - c o m p a t i b l e  ( C h a p t e r  3) w i t h  l i n e  3 ( S ^ S ^ ) .  L i n e s  1 .5  and
5.1  (Group I )  were  a l s o  o b t a i n e d  f rom c r o s s e s  i n v o l v i n g  l i n e  5 ,  b u t  
w i t h  l i n e  1 ( S ^ g S ^ ) .  I n  c o n t r a s t  t h e s e  F ^ ' s  e x h i b i t e d  c o m p l e t e  s e l f ­
i n c o m p a t i b i l i t y .  T h i s  d i f f e r e n c e  s u g g e s t s  t h a t  t h e  s e l f - c o m p a t i b i l i t y  
d e t e c t e d  i n  l i n e  5 was o n l y  e x p r e s s e d  i n  t h e  a b s e n c e  o f  t h e  d o m i n a n t  
a l l e l e  (S^g)  , a s i t u a t i o n  a l s o  r e p o r t e d  by Thompson ( 1968) i n  
(. B. o l e r a c e a .
T a b l e  5 . 1 0  s u m m a r i s e s  t h e  e x p r e s s i o n  o f  S - a l l e l e s  i n  t h e  t h r e e  
g r o u p s  o f  F ^ ' s .  I n  Group I  and I I ,  S^g seems t o  be e x p r e s s e d  i n  b o t h  
p o l l e n  and s t i g m a  w h i l e  S. seems t o  be a c t i v e  i n  t h e  s t i g m a s  o f  a l l  3 
g r o u p s .  S^^ i s  e x p r e s s e d  o n l y  i n  t h e  p o l l e n  o f  Group I , w h i l e  and 
a r e  e x p r e s s e d  o n l y  i n  s t i g m a s  o f  Group I I I .
F i n a l l y ,  d a t a  f rom c r o s s e s  bet ween  t h e  F ^ ’ s and B. c a m p e s t r i s  
s u g g e s t  t h a t  B. c a m p e s t r i s  a l l e l e s  a r e  f u n c t i o n a l  i n  t h e  f e m a l e  b u t  
n o t  i n  t h e  p o l l e n .  T h i s  i m p l i e s  t h a t  i n  t h i s  2 l o c u s  s y s t e m ,  a l l e l e  
a c t i v i t y  i n  p o l l e n  would  a p p e a r  t o  be e q u i v a l e n t  t o  t h a t  i n  a s i n g l e  
l o c u s  s y s t e m ,  a l t h o u g h  a s  C h a p t e r  3 showed,  t h e  e x p r e s s e d  a l l e l e s  may 
be f rom e i t h e r  l o c u s .
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T a b l e  5 . 1 .  I n t e r c r o s s e s  be tw een  s y n t h e t i c  l i n e s  o f  B. napus  
t o  p r o d u c e  f o u r  a l l e l e  c o m b i n a t i o n s  
'  ( i - e .  g e n o t y p e s  h e t e r o z y g o u s  a t  b o t h  S - l o c i )
P o l l e n  s o u r c e
L in e
Number 1 2 3 4 5 6 7
S t i  gma 
s o u r c e " 2 9 " b ^ I 4 ^ b S z fb ®29®a ®2®a S29Sa
1 ®29®b X( 1 . 5 )
X
( 1 . 6 )
2 X ' X ^ n . p .
( 2 . 4 ) ( 2 . 6 ) ( 2 . 7 )
3 ^2^9 X( 3 . 4 )
X
( 3 . 5 )
^ n . p .
( 3 . 7 )
4 S29®a X( 4 . 2 ) ( 4 . 3 )
5 S iy S a X X
( 5 . 1 ) ( 5 . 3 )
6 X
( 6 . 1 )
X
( 6 . 2 )
7 ®29"a X X( 7 . 2 ) ( 7 . 3 )
c . f .  -  c r o s s  f a i l e d
n . p .  -  n o t  p r o d u c e d
N.B. Numbers i n  b r a c k e t s  i n d i c a t e  t h e  two p a r e n t  l i n e s  i n v o l v e d  i n  a
c r o s s .  H e r e a f t e r ,  t h e s e  c o m b i n a t i o n s  a r e  u s e d  t o  i d e n t i f y  a
p a r t i c u l a r  F^.
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T a b l e  5 . 2 .  The t h r e e  d i f f e r e n t  4 S - a l l e l e  c o m b i n a t i o n s  p r o d u c e d  by 
i n t e r c r o s s i n g  s e v e n  B. nap us  l i n e s .  P a r e n t  l i n e s  c r o s s e d  t o  
p r o d u c e  e a ch  4 S - a l l e l e  c o m b i n a t i o n  a r e  a l s o  l i s t e d .
S a l l e l e s  
c o m b i n a t i o n
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T a b l e  5 . 8  Number o f p o l l e n  t u b e s p e n e t r a t i n g  a s t i g m a S
f o l l o w i n g c r o s s e s b e tw e en  s y n t h e t i c  B. napus
,• * and B. c a m p e s t r i s  8 2 -2 1 3
P o l l e n  s o u r c e
"É
S y n t h e t i c  B. napus
■1
S t ig m a







B. c a m p e s t r i s  
8 2 -2 1 3
Group I n . t . n . t . n .  t . 2 0 , 6 6 ,  65
Group I I n .  t . n .  t . n . t . 2 0 , 25 ,  3
Group I I I n.  t . n . t . n . t . 4 0 , >75 , >75
B. c a m p e s t r i s  
8 2 -2 1 3 >75 >75 >75 n . t .
n . t .  -  n o t  t e s t e d
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T a b l e  5 . 9  C o m p a t ib l e  and i n c o m p a t i b l e  c r o s s e s  
b e tw e en  B. o l e r a c e a  homozygous  l i n e s .
P o l l e n  s o u r c e
s t i g m a
s o u r c e ^29^29
B. o l e r a c e a
^14^14
3^9^29 - + +
^14^14 + - +
S2S 2 + + -
-  i n c o m p a t i b l e  p o l l i n a t i o n s  
«. + c o m p a t i b l e  p o l l i n a t i o n s
'.ï
-  1 2 5  -  I
Table 5 .10  A ct ive  a l l e l e s  in  F s^ as  expected and de tec te d
a c t i v e  a l l e l e s
Group l i n e  a l l e l i c  e x p e c t e d  d e t e c t e d
numbers  c o n s t i t u t i o n
s t i g m a  p o l l e n  s t i g m a  p o l l e n
29 b 29 147 . 2
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GENETICAL STUDIES OF INCOMPATIBILITY IN SYNTHETIC B. NAPUS LINES
6.1  INTRODUCTION
I n  C h a p t e r s  3 and 5 , t h e  o p e r a t i o n  o f  t h e  s e l f - i n c o m p a t i b i l i t y  s y s t e m  
and a c t i v i t y  o f  S - a l l e l e s  a t  t h e  B. c a m p e s t r i s  and  B. o l e r a c e a  S l o c i  
were  d e t e r m i n e d  i n  s e v e r a l  s y n t h e t i c  B. napus  l i n e s  t h a t  were  
homozygous  a t  e a c h  S - l o c u s ,  and a l s o ,  i n  s e v e r a l  B. n ap u s  F^s  t h a t  
we re  h e t e r o z y g o u s  f o r  d i f f e r e n t  a l l e l e s  a t  e a c h  o f  t h e  two S - l o c i .  I t  
was e s t a b l i s h e d  t h a t  b o t h  S - l o c i  c o u l d  be e x p r e s s e d  i n  t h e  s y n t h e t i c s ,  
and t h a t  t h e r e  was a n  i n t e r a c t i o n  b e tw e en  l o c i  s u c h  t h a t  e i t h e r  
B. c a m p e s t r i s  o r  B. o l e r a c e a  a l l e l e s  c o u l d  be d o m in a n t  i n  t h e  p o l l e n  
a n d / o r  s t i g m a .  I n  t h e  h e t e r o z y g o u s  F ^ ’ s i t  was shown t h a t  B. o l e r a c e a  
S - a l l e l e s  were  e x p r e s s e d  i n  b o t h  p o l l e n  and s t i g m a ,  w h e r e a s  
B. c a m p e s t r i s  a l l e l e s  were  e x p r e s s e d  o n l y  i n  t h e  s t i g m a .  T h u s , i n  t h e  
p o l l e n , o n l y  2 a l l e l e s  were  e x p r e s s e d  w h i l e  i n  t h e  s t i g m a  3 were  
e x p r e s s e d , e v e n  when t h e  e x p e c t a t i o n  f rom t h e  p a r e n t s  was t h a t  t h e  
e f f e c t s  o f  a l l  4 a l l e l e s  would  be d e t e c t e d  ( C h a p t e r  5 ,  T a b l e  5 . 1 0 ) .
An i n t e r e s t i n g  f e a t u r e  t o  emerge f rom t h e  r e s u l t s  was t h e  p r e s e n c e  o f  
s e l f - c o m p a t i b i l i t y  i n  t h e  s y n t h e t i c  l i n e  o f  g e n o t y p e  ( C h a p t e r  3)
and a l s o  i n  F ^ ' s  c o n t a i n i n g  t h e  S a l l e l e s .  The e v i d e n c e
s u g g e s t e d  t h a t  t h i s  s e l f - c o m p a t i b i l i t y  i n v o l v e d  t h e  c o m b i n a t i o n  o f  
and i n  t h e  a b s e n c e  o f  t h e  d o m in an t  a l l e l e .  Such s e l f ­
c o m p a t i b i l i t y  c o u l d  be due t o  a l l e l i c  i n t e r a c t i o n  b e tw e en  t h e  a l l e l e  
d e r i v e d  f rom B. o l e r a c e a  and t h a t  f rom B. c a m p e s t r i s  o r  t o  gene  
i n t e r a c t i o n  n o t  a s s o c i a t e d  w i t h  t h e  S - a l l e l e s .
F o l l o w i n g  on f rom t h e  p r e v i o u s  a n a l y s i s  c o n d u c t e d ,  t h e  o b j e c t i v e
1 2 9  -
%o f  t h e  work r e p o r t e d  i n  t h i s  C h a p t e r  was t o  i n v e s t i g a t e  t h e  a c t i v i t y  
and s e g r e g a t i o n  o f  S - a l l e l e s  i n  f a m i l i e s  o f  s y n t h e t i c  B. n ap u s  
o b t a i n ' e d  f rom s e l f i n g  two F^ l i n e s  a n a l y s e d  i n  C h a p t e r  5 .  I t  was 
i n t e n d e d  t h a t  t h i s  i n v e s t i g a t i o n  would a l s o  add t o  t h e  d e v e lo p m e n t  o f  
t h e  a l l e l e  i d e n t i f i c a t i o n  w hich  c o u l d  be u s e d  i n  F^ h y b r i d  p r o d u c t i o n .
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6 . 2  MATERIALS AND METHODS
I n  J u l y  1988 15 p l a n t s ,  5 f rom e a c h  o f  t h e  t h r e e  d i f f e r e n t  4 S - a l l e l e  
F^ t y p e s  s t u d i e d  i n  C h a p t e r  5 were s e l f - p o l l i n a t e d  t o  p r o d u c e  F^ 
f a m i l i e s .  B e c a u s e  o f  l i m i t a t i o n s  o f  t im e  o n l y  2 f a m i l i e s  we re  sown 
 ^ (80  s e e d s  f rom e a c h )  a t  t h e  b e g i n n i n g  o f  December 1988,  an d  p l a n t s
were  r a i s e d  t o  m a t u r i t y  i n  a h e a t e d  g l a s s h o u s e  m a i n t a i n e d  a t  a  *
;t e m p e r a t u r e  o f  20°C day an d  14°C n i g h t  u n d e r  n a t u r a l  l i g h t .  From 
: F e b r u a r y  1 9 8 9 , p l a n t s  were  t r e a t e d  w i t h  H oagland  s o l u t i o n  ( f o r  
c o m p o s i t i o n  s e e  Appendix  3) e v e r y  two w eeks .
6 . 2 . 1  E x p e r i m e n t  I  -  The F^ o b t a i n e d  f rom s e l f - p o l l i n a t i n g  
1 2 9 3 , 4 3 ^ 4  ( l i n e  8 8 -1 8 4 )
( a )  S e v e n t y - o n e  F^ p l a n t s  w e re  u s ed  i n  t h e  s t u d y .  One p l a n t  was 
ch o s e n  ( 8 8 - 1 8 4 - 0 3 )  an d  t e s t  p o l l i n a t e d  r e c i p r o c a l l y  w i t h  t h e  r e m a i n i n g  
70 p l a n t s .  A l l  p l a n t s  were  a l s o  s e l f - p o l l i n a t e d  t o  d e t e r m i n e  t h e i r  
s e l f - c o m p a t i b i l i t y  s t a t u s .
( b )  A l l  F^ p l a n t s  (71 )  were  c r o s s e d  r e c i p r o c a l l y  w i t h  B. c a m p e s t r i s  
p l a n t s  homozygous f o r  t h e  a l l e l e  S^ o r  S^,  and a l s o  u s e d  a s  t h e  p o l l e n  
p a r e n t  i n  c r o s s e s  w i t h  B. o l e r a c e a  p l a n t s  homozygous  f o r  e i t h e r  t h e
%Sgg or a l l e l e s .
( c )  To d e t e r m i n e  i f  an y  F .  p l a n t s  we re male  s t e r i l e  t h e y  were  a l s o
u s ed  a s  t h e  male  p a r e n t  i n  c r o s s e s  w i t h  an  u n r e l a t e d  B. c a m p e s t r i s
l i n e  (8 2 - 3 3 9 )  p o s s e s s i n g  a d i f f e r e n t  S - a l l e l e  c o n s t i t u t i o n  t o  t h a t  o f  
t h e  B. c a m p e s t r i s  l i n e s  u s e d  i n  (b)  a b o v e .
For  e a c h  t e s t  c r o s s  ( i n  a ,  b and c)  f i v e  f l o w e r s  t a k e n  ra n d o m ly
were  p o l l i n a t e d  p e r  p l a n t .  The d e g r e e  o f  i n c o m p a t i b i l i t y  was 
d e t e r m i n e d  a s  d e s c r i b e d  i n  C h a p t e r  3-
6 . 2 . 2 .  E x p e r i m e n t  I I  -  The F^ o b t a i n e d  f rom s e l - f - p o l l i n a t i n g
 ^ ( a )  T h i r t y - t w o  p l a n t s  o f  t h e  F^ f a m i l y  we re  c r o s s e d  r e c i p r o c a l l y  w i t h  
B. c a m p e s t r i s  S^ and h o m o z y g o te s ,  and a l s o  u s ed  a s  t h e  p o l l e n  
p a r e n t  i n  c r o s s e s  w i t h  B. o l e r a c e a  and ^ h o m o zy g o te s .  S e l f -  
p o l l i n a t i o n s  t o  d e t e r m i n e  t h e  s e l f - c o m p a t i b i l i t y  s t a t u s  o f  F^ p l a n t s  
we re  a l s o  made a s  w e l l  a s  c r o s s e s  w i t h  an u n r e l a t e d  B. c a m p e s t r i s  l i n e  
a s  f e m a l e  p a r e n t  t o  d e t e r m i n e  male  s t e r i l i t y .  For  e ach  t e s t  c r o s s ,  
t h r e e  f l o w e r s  t a k e n  r a n d o m ly  f rom t h e  r e q u i r e d  p l a n t  w e re  p o l l i n a t e d  
an d  t h e  d e g r e e  o f  i n c o m p a t i b i l i t y  was d e t e r m i n e d  a s  d e s c r i b e d  i n  
C h a p t e r  3-
6 . 3  RESULTS AND ANALYSIS
6 . 3 . 1  D e t e r m i n i n g  t h e  number o f  p r o g e n y  t o  be t e s t e d  i n  an  F^ f a m i l y  
and d i s t i n g u i s h i n g  c o m p a t i b l e  f rom i n c o m p a t i b l e  p o l l i n a t i o n s .
S e l f - p o l l i n a t i o n  o f  an  S^gS^^S^S^ h e t e r o z y g o t e  may be e x p e c t e d  t o
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y ie ld  9 genotypes thus: S^gS^^S^S^; SggS^^S^S^^
^29^29^a^b' ^I4^l4^a^b’ ^I4^l4^a^a’ ^I4^l4^b^b’ ^29^29^a^a 
^2 9^ 29^ b^b"  Where 2 l o c i  a r e  s e g r e g a t i n g , t h e  number  o f  p l a n t s
r e q u i r e d  t o  d e t e c t  a l l  g e n o t y p e s  can be c a l c u l a t e d  f rom t h e  f o r m u l a
( 15/ 16) "  = 1 /100  a t  a 0.01% p r o b a b i l i t y  o f  d e t e c t i n g  a l l  p o s s i b l e
g e n o t y p e s ,  whe re  n i s  t h e  number o f  p l a n t s  r e q u i r e d .  A f a m i l y  s i z e  o f
71 i s  t h e r e f o r e  r e q u i r e d .  ( M a t h e r ,  195 1) .
C o m p a t ib l e  an d  i n c o m p a t i b l e  p o l l i n a t i o n s  w e re  d e t e c t e d  a s
d e s c r i b e d  i n  C h a p t e r s  3 and 5 .  Ag a in  t h e y  were  d i s t i n g u i s h e d  on t h e
b a s i s  o f  t u b e  num be rs .  As F i g .  6 .1  shows, a l t h o u g h  70% o f  t h e  t e s t
r e s u l t s  can be c l e a r l y  d i s t i n g u i s h e d  a s  h a v i n g  l e s s  t h a n  10 o r  more
 ^ t h a n  50 p o l l e n  t u b e s , 30% were  i n t e r m e d i a t e s .  As w i t h  t h e  e a r l i e r
d a t a ,  t h e  s m a l l e s t  c l a s s  were  t h o s e  w i t h  2 1 -3 0  p o l l e n  t u b e s  and i t  was
d e c i d e d  t o  c o n s i d e r  p o l l i n a t i o n s  w i t h  a mean o f  o v e r  30 p o l l e n  t u b e s
' a s  c o m p a t i b l e  and t h o s e  w i t h  u n d e r  20 a s  an  i n c o m p a t i b l e .  However t h e
i n t e r m e d i a t e s  (3% p o l l i n a t i o n s )  had t o  be e v a l u a t e d  i n d i v i d u a l l y .
6 . 3 . 2  R e s u l t s  o f  E x p e r i m e n t  l a
S e l f  a n d  i n t r a l i n e  p o l l i n a t i o n  r e s u l t s  a r e  sum m ari sed  i n  T a b l e  6 . 1 .
A l l  t h e  Fg p l a n t s  were  e f f e c t i v e l y  s e l f - i n c o m p a t i b l e .  Of t h e  F^ 
p l a n t s  f o r  w h ich  r e s u l t s  a r e  a v a i l a b l e , o n l y  4 p l a n t s  ( 8 8 - 1 8 4 - 1 1 ,  12,
2 8 , 62) a p p e a r e d  t o  be more o r  l e s s  r e c i p r o c a l l y  c o m p a t i b l e  w i t h  t h e  
t e s t e r  ( 8 8 - 1 8 4 -  0 3 ) .  Of t h e  r e m a i n i n g  p l a n t s ,  4 gav e a c o m p a t i b l e  
r e s u l t  i n  one d i r e c t i o n  an d  a s i g n i f i c a n t  number o f  t u b e s  i n  t h e  o t h e r  
d i r e c t i o n  ( P l a n t s  8 8 - 1 8 4 - 2 2 ,  25 ,  50 ,  5 7 ) ;  one p l a n t  (55)  was f u l l y  
c o m p a t i b l e  a s  p o l l e n  b u t  n o t  a s  f e m a l e ;  and 10 p l a n t s  gave  v a r y i n g
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: . w.-
Number B. c a m p e s t r i s B. c a m p e s t r i s  B. o l e r a c e a B. c a m p e s t r i s
o f S S f e m a le  a a 82-339p l a n t s
f e m a l e  male f e m a l e  male  SggS^g f e m a l e
24 4" — -  — -  — +
+ c o m p a t i b l e  p o l l i n a t i o n s  -  i n c o m p a t i b l e  p o l l i n a t i o n s
P o l l e n  f rom p l a n t s  i n  t h i s  g ro u p  was c o m p a t i b l e  i n  
B. c a m p e s t r i s  s t i g m a s  w h i l s t  a l l  o t h e r  c r o s s e s  we re  i n c o m p a t i b l e .  
T h i s  s u g g e s t s  t h a t  a l l  f o u r  S - a l l e l e s  (S^gS^^S^S^)  we re  p r e s e n t  i n  
p l a n t s  o f  Group 1, and  t h a t  was i n a c t i v e  w h i l e  and  were
-  133 -
numbers  o f  t u b e s  f rom 1-32 i n  one  o r  b o t h  d i r e c t i o n s .  The t e s t e r  ( 8 8 -  
184- 03) t h e r e f o r e  i d e n t i f i e d  a g r o u p  o f  8 p l a n t s  w i t h  w hich  i t  showed 
e i t h e r  f u l l  c o m p a t i b i l i t y  ( P l a n t s  8 8 - 1 8 4 - 1 1 ,  12, 28 ,  62) o r  a l m o s t  
f u l l  c o m p a t i b i l i t y  ( 8 8 - 1 8 4 - 2 2 ,  25 ,  50 ,  5 7 ) .
6 . 3 - 3  R e s u l t s  o f  E x p e r im e n t  I b
The r e s u l t s  o f  c r o s s e s  b e tw e en  p l a n t s  and B. c a m p e s t r i s , and 
B. o l e r a c e a  a r e  p r e s e n t e d  i n  T a b l e  6 . 2 .  U s i n g  t h e  c r i t e r i a  t h a t  be low 
20 t u b e s  p e r  t e s t  i s  i n c o m p a t i b l e  and o v e r  20 i s  c o m p a t i b l e ,  one can 
d educe  t h e  a c t i v i t y  o f  S - a l l e l e s .  F^ p l a n t s  w hi ch  gave  i d e n t i c a l  
r e s u l t s  i n  t h e  c r o s s e s  w e re  c o n s i d e r e d  a s  a s i n g l e  g r o u p , a n d  i n  t h i s  
way, 14 d i f f e r e n t  g r o u p s  were  i d e n t i f i e d .  A l s o  p r e s e n t e d  i n  t h e  t a b l e s  
be low i s  t h e  c o m p a t i b i l i t y  shown by F^ p l a n t s  u s ed  a s  t h e  male  p a r e n t  
i n  c r o s s e s  w i t h  S.  c a m p e s t r i s  ( 8 2 - 3 3 9 ) .  A l l  s u c h  c r o s s e s  were  1
c o m p a t i b l e ,  i n d i c a t i n g  t h a t  none o f  t h e  F^ p l a n t s  we re  male  s t e r i l e .
R e a c t i o n  o f  Group 1
a c t i v e  i n  t h e  p o l l e n .  The c o n c l u s i o n  s h o u l d  be r e g a r d e d  a s  
p r o v i s i o n a l  f o r  p l a n t s  5 1 ,  55 and  59 i n  v iew o f  t h e  s i g n i f i c a n t  t u b e  
p e n e t r a t i o n  when B. o l e r a c e a  i s  u s ed  a s  t h e  f e m a l e  ( T a b l e  6 . 2 ) .
I t  may be t h a t  t h e s e  p a r t i c u l a r  p l a n t s  a r e  more a p p r o p r i a t e l y  a s s i g n e d  
t o  Group 10 ( s e e  b e l o w ) .  D e s p i t e  t h e s e  a n o m a l i e s ,  p l a n t s  i n  Group 1 7
a p p e a r  t o  p o s s e s s  a l l e l e s  and S ^ ^ w i t h  r e c e s s i v e  i n  t h e
p o l l e n .
R e a c t i o n  o f  Group 2
Number B. c a m p e s t r i s B. c a m p e s t r i s  B. o l e r a c e a B. c a m p e s t r i s
o f S S f e m a le  a a 82 -3 39p l a n t s
f e m a l e  male f e m a l e  male  S^^S^^ ^29^29 f e m a l e
8 + - +
P o l l e n  o f  Fg p l a n t s  p l a c e d  i n  Group 2 was c o m p a t i b l e  w i t h  b o t h  
, B. c a m p e s t r i s  and t e s t e r s ,  s u g g e s t i n g  t h a t  b o t h  and
a l l e l e s  were  i n a c t i v e  i n  Group 2 p o l l e n .  P o l l i n a t i o n s  w i t h  
B. o l e r a c e a  S^^ and S^g a s  f e m a l e  p a r e n t  were  i n c o m p a t i b l e ,  e v i d e n c e  
t h a t  and S^g a l l e l e s  w e re  b o t h  a c t i v e  i n  p o l l e n .  The p l a n t s  were  
a l s o  f u l l y  i n c o m p a t i b l e  when B. c a m p e s t r i s  and t e s t e r s  w e re  u s e d  
a s  t h e  p o l l e n  p a r e n t , s h o w i n g  t h a t  b o th  and S. were  a c t i v e  i n  t h e  
s t i g m a s  o f  Group 2 .  Thus t h e r e  was e v i d e n c e  t h a t  a l l  4 S - a l l e l e s  were  
p r e s e n t  i n  t h i s  g r o u p , a l t h o u g h  t h e  a l l e l e  r e l a t i o n s h i p s  d i f f e r e d  f rom 
t h o s e  o f  Group 1 p l a n t s  w i t h  b o t h  3^ and S^ b e i n g  r e c e s s i v e  i n  t h e  
p o l l e n .
-  1 3 4  -
R e a c t ion  o f  Group 3
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s
o f  S S f e m a le  82-339, b b a  ap l a n t s
f e m a l e  male  f e m a l e  male  ^"29^29 f e m a l e
P o l l e n  o f  Fg p l a n t s  p l a c e d  i n  Group 3 was c o m p a t i b l e  i n  
B. c a m p e s t r i s  s t i g m a s  b u t  i n c o m p a t i b l e  i n  , B. o l e r a c e a  S^g and 
s t i g m a s ,  i n d i c a t i n g  t h a t  S^g and we re  a c t i v e  an d  was
i n a c t i v e  i n  Group 3 p o l l e n .  These  r e s u l t s  a r e  i d e n t i c a l  t o  t h o s e  
o b t a i n e d  f o r  Group 1 p l a n t s .  R a t h e r  s u r p r i s i n g l y ,  B. c a m p e s t r i s  S 
 ^ p o l l e n  was c o m p a t i b l e  i n  t h e  s t i g m a s  o f  Group 3 p l a n t s  i n d i c a t i n g  t h a t  
was i n a c t i v e  i n  F^ p l a n t s  when u s e d  a s  t h e  f e m a l e  p a r e n t .  Thus 
t h e r e  was e v i d e n c e  t h a t  a l l  f o u r  a l l e l e s  we re  p r e s e n t  i n  t h i s  g r o u p ,  
w i t h  b e i n g  r e c e s s i v e  i n  p o l l e n  and r e c e s s i v e  i n  t h e  s t i g m a .  
R e a c t i o n  o f  Group 4
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. campes t r i s  
o f  
p l a n t s
fe m a le  82-339
f e m a l e  male  f e m a l e  male  ^29^ 29 f e m a l e
10
Fg p l a n t s  i n  Group 4 were  r e c i p r o c a l l y  c o m p a t i b l e  w i t h  t h e  
B. c a m p e s t r i s  l i n e  sh o w in g  t h a t  was i n a c t i v e  i n  b o t h  t h e  p o l l e n
and s t i g m a s  o f  t h e s e  p l a n t s .  T h i s  g ro up  o f  p l a n t s  was a l s o  f u l l y  
c o m p a t i b l e  when B. c a m p e s t r i s  was u s e d  a s  t h e  f e m a l e  p a r e n t .  
However,  c r o s s e s  b e tw e en  t h e  F ^ ’ s and t h e  B. o l e r a c e a  and S^g 
l i n e s  u s e d  a s  f e m a l e  p a r e n t s  were  i n c o m p a t i b l e , s h o w i n g  t h a t  t h e
-  135 "
and  S^g a l l e l e s  were  p r e s e n t  and  a c t i v e  i n  t h e  p o l l e n  o f  t h i s  g r o u p .  
P l a n t s  o f  t h e  g ro u p  were  a l s o  i n c o m p a t i b l e  w i t h  p o l l e n , i n d i c a t i n g  
t h a t  was a c t i v e  i n  t h e  s t i g m a s  o f  F ^ ' s .  Thus i n  p l a n t s  o f  Group 4,  
o n l y  an d  S^g were  e x p r e s s e d ;  a p p e a r e d  t o  be a b s e n t  an d
was r e c e s s i v e  i n  t h e  p o l l e n .
R e a c t i o n  o f  Group 5
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
f e m a le
f e m a l e  male  f e m a l e  male ^14^14 ^29 ^2 9
B. c a m p e s t r i s  
8 2-339
f e m a le
G roup 5 p l a n t s  were  c o m p a t i b l e  i n  b o t h  d i r e c t i o n s  w i t h  t h e
B. c a m p e s t r i s  l i n e  sh o w in g  t h a t  was i n a c t i v e  i n  b o t h  p o l l e n  and
s t i g m a s  o f  Group 5- I n  c o n t r a s t ,  t h e  g ro u p  was i n c o m p a t i b l e  i n  b o t h
d i r e c t i o n s  w i t h  t h e  B. c a m p e s t r i s  l i n e  S i n d i c a t i n g  t h a t  S was-----------    a a
a c t i v e  i n  b o t h  p o l l e n  an d  s t i g m a  o f  Group 5 p l a n t s .  The g ro u p  was 
a l s o  f u l l y  i n c o m p a t i b l e  w i t h  t h e  B. o l e r a c e a  S^g and h o m o zy g o tes  
u s e d  a s  f e m a l e  p a r e n t s ,  s how ing  t h a t  S^g and S ^ w e r e  a c t i v e .  Thus 
p l a n t s  a s s i g n e d  t o  Group 5 a p p e a r e d  t o  p o s s e s s  t h e  , S^^ an d  S^g
a l l e l e s ,  w i t h  s how ing  i n d e p e n d e n t  a c t i o n  i n  t h e  p o l l e n  an d  s t i g m a s ,  
R e a c t i o n  o f  Group 6
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
f e m a le
f e m a l e  male  f e m a l e  male ^ 14^14  ^29^2 9
B. c a m p e s t r i s  
8 2-339
f e m a l e
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The s i n g l e  a l l o t t e d  t o  Group 6 was c o m p a t i b l e  i n  b o t h  
d i r e c t i o n s  w i t h  t h e  B. c a m p e s t r i s  l i n e  S, and a l s o  w i t h  S u s e d  a s  t h e  
f e m a le  p a r e n t , i m p l y i n g  t h a t  was i n a c t i v e  i n  b o t h  p o l l e n  and s t i g m a s
w h i l e  was i n a c t i v e  i n  j u s t  t h e  p o l l e n  o f  t h i s  F^ p l a n t .  C r o s s e s  
w i t h  t h e  B. o l e r a c e a  l i n e s  and S^g ( u s e d  a s  f e m a l e  p a r e n t )  were
i n c o m p a t i b l e  i n d i c a t i n g  t h a t  S^g were  b o t h  p r e s e n t  i n  t h e  F^
p l a n t .  The p l a n t  was a l s o  i n c o m p a t i b l e  w i t h  p o l l e n  i n d i c a t i n g  
a c t i v i t y  o f  i n  t h e  s t i g m a .  Thus ,  t h e  F^ p l a n t  p l a c e d  i n  Group 6
p o s s e s s e d  t h e  an d  S^g a l l e l e s  b u t ,  i n  c o n t r a s t  t o  p l a n t s  o f
Group 5 ,  a p p e a r e d  t o  be  r e c e s s i v e  i n  t h e  p o l l e n .
R e a c t i o n  o f  Group 7
Number B. c a m p e s t r i s B. c a m p e s t r i s  B. o l e r a c e a B. c a m p e s t r i s
o f Sb^b S S f e m a le  a a 82-339p l a n t s
f e m a l e  male f e m a l e  male  ^29^29 f e m a l e
2 4“ — +  + „ +
Group 7 p l a n t s  were  c o m p a t i b l e  w i t h  t h e  B. c a m p e s t r i s  and 
hom ozygo tes  u s e d  a s  t h e  f e m a l e  p a r e n t  s h o w in g  t h a t  and were  
i n a c t i v e  i n  t h e  p o l l e n  o f  t h i s  gro u p  o f  F^ p l a n t s .  The p l a n t s  o f  t h e  
g ro u p  were  a l s o  c o m p a t i b l e  w i t h  p o l l e n , i n d i c a t i n g  t h a t  was 
i n a c t i v e  i n  t h e i r  s t i g m a s .  I n  c o n t r a s t ,  Group 7 p l a n t s  we re  
i n c o m p a t i b l e  w i t h  p o l l e n  an d  S^g and s t i g m a s .  I t  i s  c o n c l u d e d  
t h a t  Group 7 p l a n t s  p o s s e s s e d  t h e  and S^g a l l e l e s  w i t h
b e i n g  r e c e s s i v e  i n  t h e  p o l l e n  and r e c e s s i v e  i n  t h e  s t i g m a s .
-  1 3 7  -
Reac t!on  o f  Group 8
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s
o f  S S f ^ ^ s l e  82 -3 39 ^ b b a ap l a n t s
f e m a l e  male  f e m a l e  male  ^ 2 9 ^ 2 9  f e m a l e
Group 8 p l a n t s  were  c o m p a t i b l e  w i t h  and a s  t h e  f e m a l e  
p a r e n t  sh o w in g  t h a t  b o t h  and  were i n a c t i v e  i n  t h e  p o l l e n .  The 
F g ' s  w e r e ,  however  i n c o m p a t i b l e  i n  b o t h  d i r e c t i o n s  w i t h  t h e  
B. c a m p e s t r i s  l i n e ,  i n d i c a t i n g  t h a t  was a c t i v e  i n  b o t h  p o l l e n  and 
s t i g m a s .  P l a n t s  o f  t h e  g ro u p  were  a l s o  f u l l y  i n c o m p a t i b l e  w i t h  S.
 ^ p o l l e n  an d  s t i g m a s .  I t  w as ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  p l a n t s  
p l a c e d  i n  Group 8 p o s s e s s e d  t h e  S^g ,  and 8^ a l l e l e s  b u t  8^ was 
’ r e c e s s i v e  i n  t h e  p o l l e n .
' R e a c t i o n  o f  Group 9
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s  
o f  8 . 8 .  8 8 f e m a l e  82 -3 39
p l a n t s  ^ ®
f e m a l e  male  f e m a l e  male  8^^S^^ ^ 2 9 ^ 2 9  f e m a l e
The F^ p l a n t  p l a c e d  i n  Group 9 was c o m p a t i b l e  when u s e d  a s  t h e  
male  p a r e n t  i n  c r o s s e s  w i t h  8 ^ ,  8^ and 8^  i n d i c a t i n g  t h a t  8 ^ ,  8^ and 
8gg were  i n a c t i v e  i n  i t s  p o l l e n .  The same p l a n t ,  h o w e v e r ,  was 
i n c o m p a t i b l e  when u s e d  a s  t h e  f e m a l e  i n  c r o s s e s  w i t h  8^  and 8 p o l l e n  
s h o w in g  t h a t  8^ and 8^ were  a c t i v e  i n  i t s  s t i g m a s .  When c r o s s e d  w i t h  
t h e  B. o l e r a c e a  8 hom ozygote  ( f e m a l e ) ,  t h e  c r o s s  a l s o  p ro v e d  
i n c o m p a t i b l e .  Th us ,  p l a n t s  i n  Group 9 c o n t a i n e d  8 ^ ^ ,  8^ and 8^ w i t h
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s  and S, r e c e s s i v e  i n  t h e  p o l l e n ,  a b
Reac t ion  o f  Group 10
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B, o l e r a c e a
f e m a le
f e m a l e  male  f e m a l e  male ^^29^29
B. c a m p e s t r i s  
82-339
f e m a l e
Group 10 F ^ ’ s  were  i n c o m p a t i b l e  i n  b o t h  d i r e c t i o n s  w i t h  t h e  
B. c a m p e s t r i s  t e s t e r  sh o w in g  t h a t  was a c t i v e  i n  b o t h  p o l l e n  and  
s t i g m a  o f  t h i s  g r o u p .  P l a n t s  o f  t h e  g ro u p  we re  a l s o  i n c o m p a t i b l e  w i t h  
p o l l e n  and s t i g m a s  i n d i c a t i n g  t h a t  was a . c t i v e  i n  t h e  s t i g m a  
w h i l e  was a c t i v e  i n  t h e  p o l l e n .  C r o s s e s  w i t h  t h e  t e s t e r s  and 
Sgg u s e d  a s  t h e  f e m a l e  p a r e n t ,  were  c o m p a t i b l e ,  sh o w in g  t h a t  8^  and  
were  i n a c t i v e  i n  t h e  p o l l e n  o f  t h e  F ^ ' s .  I t  i s  c o n c l u d e d  t h a t  
p l a n t s  i n  Group 10 p o s s e s s e d  t h e  8 ^ ^ ,  8^ and 8^ a l l e l e s  b u t  8j  ^ was 
r e c e s s i v e  i n  t h e  p o l l e n .
R e a c t i o n  o f  Group 11
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  
o f  8 8 8 S fe m a le
p l a n t s
f e m a l e  male  f e m a l e  male  S^^8^^ ^29^29
B. c a m p e s t r i s  
82-339
f e m a l e
The two p l a n t s  p l a c e d  i n  t h i s  g ro up  were  c o m p a t i b l e  i n  b o t h  
d i r e c t i o n s  w i t h  t h e  B. c a m p e s t r i s  8^  l i n e  and  were  a l s o  c o m p a t i b l e  
w i t h  B. o l e r a c e a  u s e d  a s  t h e  f e m a l e .  T h i s  shows t h a t  8^  and 8^  ^
were  i n a c t i v e  i n  t h e  p o l l e n  and 8^ was i n a c t i v e  i n  t h e  s t i g m a s  o f  b o t h
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Fg p l a n t s .  The two p l a n t s  were  I n c o m p a t i b l e ,  r e c i p r o c a l l y  w i t h  t h e  
B. c a m p e s t r i s  t e s t e r ,  and w i t h  B. o l e r a c e a  S^^ u s e d  a s  t h e  f e m a l e .  
T h i s  was e v i d e n c e  t h a t  was a c t i v e  i n  t h e  p o l l e n  w h i l e  was 
a c t i v e  i n  b o t h  p o l l e n  an d  s t i g m a s  o f  Group 11 p l a n t s .  I t  i s  c o n c l u d e d  
t h a t  p l a n t s  i n  Group 11 p o s s e s s  o n l y  t h e  and a l l e l e s ,  w i t h  
i n d e p e n d e n t  a c t i o n  o f  i n  p o l l e n  and s t i g m a .  ( I n t e r e s t i n g l y ,  n e i t h e r  
o f  t h e  two p l a n t s  i n  Group 11 was s e l f - c o m p a t i b l e  -  s e e  T a b l e  6 . 1 ) .  
R e a c t i o n  o f  Group 12
Number 
■ o f  
p l a n t s
B. c a m p e s t r i s
SySb
f e m a l e  male
B. c a m p e s t r i s
S S a a
f e m a l e  male
B. o l e r a c e a  
f e m a le
^14^14 ^29^29
B. c a m p e s t r i s  
82-339
f e m a l e
 ^ 1 •h — +  4- +
Most c r o s s e s  i n v o l v i n g  t h e  p l a n t  i n  Group 12 we re c o m p a t i b l e
a p a r t ,  t h a t  i s ,  f rom t h o s e  u s i n g  p o l l e n  o r  s t i g m a s .  The l a t t e r  
means t h a t  was a c t i v e  i n  t h e  s t i g m a  w h i l e  was a c t i v e  i n  t h e  
p o l l e n .  I t  i s  c o n c l u d e d  t h a t  t h e  p l a n t  p l a c e d  i n  Group 12 p o s s e s s e d  
th e  g e n o t y p e  w i t h  S^^ show ing dominance t o  i n  p o l l e n .
R e a c t i o n  o f  Group 13
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s  
o f  S S S f e m a l e  82-339
p l a n t s
f e m a l e  male  f e m a l e  male  ,, f e m a l e14 14 (cy dy
C r o s s e s  i n v o l v i n g  Group 13 p l a n t s  were c o m p a t i b l e  e x c e p t  when 
s t i g m a s  were  u s e d  o f  t e s t e r  s t o c k s  c o n t a i n i n g  t h e  o r  a l l e l e s .  
T h i s  means t h a t  and were  a c t i v e  i n  t h e  p o l l e n  o f  Group 13
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p l a n t s .  I t  i s  c o n c l u d e d  t h a t  p l a n t s  o f  t h i s  g ro u p  p o s s e s s  o n l y  t h e  4y
S j g  and
R e a c t i o n
S a l l e l e s  and a
o f  Group 14
S i s  r e c e s s i v e  a i n  t h e  s t i g m a s .
Number B. c a m p e s t r i s B. c a m p e s t r i s B. o l e r a c e a B. c a m p e s t r i s
o f
p l a n t s SySb SaSa
fe m a le 8 2-339
f e m a l e  male f e m a l e  male ^14^14 ^29^29 f e m a l e
2 + - 4- 4- + 4"
The two F ^ ' s  i n  Group 14 showed c r o s s - c o m p a t i b i l i t y  w i t h  t e s t e r s  
e x c e p t  t h o s e  p r o d u c i n g  p o l l e n  o r  s t i g m a s .  Thus was a c t i v e  
i n  t h e  s t i g m a  w h i l e  was a c t i v e  i n  t h e  p o l l e n  o f  Group 14 p l a n t s .  
I t  i s  c o n c l u d e d  t h a t  t h e  p l a n t s  i n  Group 14 p o s s e s s e d  t h e  
g e n o t y p e  w i t h  S^g s how ing  do minance t o  i n  t h e  s t i g m a .
6 . 3 . 4  R e s u l t s  o f  E x p e r im e n t  I I
The r e s u l t s  o f  c r o s s e s  b e tw e en  p l a n t s  o f  t h e  F^ f a m i l y  ( d e r i v e d  by 
s e l f i n g  w i t h  B. c a m p e s t r i s  and B. o l e r a c e a  t e s t e r  l i n e s ,
a r e  p r e s e n t e d  i n  T a b l e  6 . 3 .  A lso  i n c l u d e d  a r e  t h e  mean number o f  
p o l l e n  t u b e s  p r o d u c e d  p e r  s t i g m a  when ea ch  o f  t h e  F^ p l a n t s  we re  
s e l f e d .  From t h e  r e s u l t s  o f  t h e  s e l f - p o l l i n a t i o n s , i t  was e s t a b l i s h e d  
t h a t  s i x  p l a n t s  we re  s e l f - c o m p a t i b l e  w i t h  o v e r  38 p o l l e n  t u b e s  
p ro d u c e d  p e r  s t i g m a ,  w h i l e  16 were  c l e a r l y  s e l f - i n c o m p a t i b l e  (10 
p l a n t s  we re  n o t  t e s t e d  f o r  s e l f - c o m p a t i b i l i t y ) .  Among 32 F^ p l a n t s  
t e s t e d ,  t h o s e  wh ich  gave  i d e n t i c a l  r e s u l t s  i n  i n t e r s p e c i f i c  c r o s s e s  
were  c o n s i d e r e d  a s  a s i n g l e  g ro up  and i n  t h i s  way 10 g r o u p s  we re  
i d e n t i f i e d .
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Reaction o f  Group 1
Number"'
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
f e m a le
f e m a l e  male  f e m a l e  male
B. c a m p e s t r i s  
82 -3 39
f e m a l e
Of t h e  3 F2 P l a n t s  p l a c e d  i n  Group 1, one  was s e l f - c o m p a t i b l e .
However ,  a l l  p l a n t s  i n  t h e  g ro u p  were  i n c o m p a t i b l e  w i t h  b o t h
B. c a m p e s t r i s  and 5^  p o l l e n ,  s how ing  t h a t  t h e .  and a l l e l e s
were  a c t i v e  i n  t h e  s t i g m a s  o f  t h e s e  F ^ ' s .  P l a n t s  o f  t h e  g ro u p  a l s o
p r o d u c e d  p o l l e n  t h a t  was i n c o m p a t i b l e  i n  B. o l e r a c . e a  S^^ and
s t i g m a s ,  i n d i c a t i n g  t h a t  t h e  and S_ a l l e l e s  we re  b o t h  a c t i v e  i n
t h e  p o l l e n  o f  t h e  F ^ ' s .  C r o s s - p o l l i n a t i o n s  u s i n g  t h e  and
hom ozygo tes  a s  f e m a l e  p a r e n t s  we re  c o m p a t i b l e ,  p r o v i d i n g  e v i d e n c e  t h a t
and were  b o t h  i n a c t i v e  i n  t h e  p o l l e n .  The e v i d e n c e  s u g g e s t s ,
t h e r e f o r e ,  t h a t  Group 1 p l a n t s  p o s s e s s  a l l  f o u r  a l l e l e s  -  , S
and S, b u t  S and S. were  r e c e s s i v e  i n  t h e  p o l l e n ,b a b
R e a c t i o n  o f  Group 2
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
SbSg f e m a le
f e m a l e  male  f e m a l e  male S 3S2
B. c a m p e s t r i s  
82 -3 39
f e m a l e
Of t h e  2 p l a n t s  a s s i g n e d  t o  Group 2 o n l y  one was t e s t e d  f o r  s e l f ­
c o m p a t i b i l i t y  and was found  t o  be  p a r t i a l l y  s e l f - c o m p a t i b l e  w i t h  a 
mean o f  18 p o l l e n  t u b e s  p e r  s t i g m a .  However ,  b o t h  p l a n t s  we re
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r e c i p r o c a l l y  i n c o m p a t i b l e  w i t h  t h e  B. c a m p e s t r i s  t e s t e r  l i n e  
s ho wing  t h a t  was a c t i v e  i n  b o t h  p o l l e n  and s t i g m a .  P o l l e n  o f  t h e  
two Fg p l a n t s  was a l s o  i n c o m p a t i b l e  w i t h  t h e  t e s t e r s  homozygous f o r  
and i n d i c a t i n g  t h a t  and were a c t i v e  i n  t h e
p o l l e n  o f  F g ' s .  F i n a l l y  c r o s s e s  u s i n g  t h e  homozygote a s  t h e  male
were  c o m p a t i b l e ,  p r o v i d i n g  e v i d e n c e  t h a t  was i n a c t i v e  i n  t h e
s t i g m a .  I t  i s  c o n c lu d e d  t h a t  F^ p l a n t s  i n  Group 2 a l s o  p o s s e s s  t h e  
Sg,  and 8^ a l l e l e s  b u t  8^  ^ i s  r e c e s s i v e  i n  t h e  s t i g m a .
R e a c t i o n o f  Group 3
Number
o f
p l a n t s
B. c a m p e s t r i s
SySb
f e m a l e  male
B. c a m p e s t r i s  B. o l e r a c e a
8 8 f emale  a  a
f e m a le  male  ^ 2 ^ 2





5 + - 4* — — 4- +
Of t h e  5 p l a n t s  p l a c e d  i n  Group 3 o n l y  two were t e s t e d  f o r  s e l f ­
c o m p a t i b i l i t y .  One ( p l a n t  36) was f u l l y  c o m p a t i b l e  w i t h  o v e r  75 
p o l l e n  t u b e s  p e r  s t i g m a  and a n o t h e r  one was p a r t i a l l y  s e l f - c o m p a t i b l e .  
P l a n t s  o f  t h e  g ro up  u s ed  a s  t h e  male p a r e n t  were c r o s s - c o m p a t i b l e  w i t h  
t h e  8 , 8, and 8 t e s t e r  l i n e s  i n d i c a t i n g  t h a t  8 , 8. and 8_ wereS . 0  8 i U
i n a c t i v e  i n  t h e  p o l l e n .  The p l a n t s ,  however ,  when u sed  a s  t h e  f e m a l e ,  
we re i n c o m p a t i b l e  w i t h  8^ and 8^ p o l l e n ,  showing t h a t  t h e s e  two 
a l l e l e s  were a c t i v e  i n  t h e i r  s t i g m a s .  The e v i d e n c e  s u g g e s t s ,  
t h e r e f o r e ,  t h a t  p l a n t s  p l a c e d  i n  Group 3 c o n t a i n  t h e  8^^ ,  8^ and 8^  ^
a l l e l e s ,  w i t h  8^ and 8^ b e i n g  r e c e s s i v e  i n  t h e  p o l l e n .
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Reac t i on  o f  Group 4
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s
o f  S S f e m a le  82 -3 39b b a ap l a n t s
f e m a l e  male  f e m a l e  male  S - S .  f e m a l e
Of t h e  3 p l a n t s  a l l o t t e d  t o  Group 4,  2 we re  s e l f - c o m p a t i b l e  w i t h  
o v e r  6l  p o l l e n  t u b e s  p e r  s t i g m a  w h i l e  t h e  o t h e r  was s e l f - i n c o m p a t i b l e  
w i t h  no p o l l e n  t u b e  p e n e t r a t i o n .  P l a n t s  o f  t h e  g ro u p  were  
r e c i p r o c a l l y  i n c o m p a t i b l e  w i t h  t h e  S t e s t e r  l i n e  s h o w in g  t h a t  S was
a c t i v e  i n  b o t h  p o l l e n  and s t i g m a .  They were  a l s o  i n c o m p a t i b l e  when
i n v o l v e d  i n  c r o s s e s  w i t h  p o l l e n  o r  s t i g m a s  i n d i c a t i n g  t h a t  
was a c t i v e  i n  t h e i r  s t i g m a s  and i n  t h e i r  p o l l e n .  When u s e d  to  
■ p o l l i n a t e  t h e  and  s t i g m a s ,  t h e  c r o s s e s  were  c o m p a t i b l e ,  s h o w in g  
t h a t  and were  b o t h  i n a c t i v e  i n  t h e  p o l l e n  o f  F ^ ' s .  I t  was 
c o n c l u d e d  t h a t  p l a n t s  a l l o t t e d  t o  Group 4 p o s s e s s e d  t h e  and 8
a l l e l e s  w i t h  S. b e i n g  r e c e s s i v e  i n  t h e  p o l l e n .
R e a c t i o n  o f  Group 5
Number B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s  
o f  8 8 S S f e m a l e  82-339
p l a n t s  ^ ^
f e m a l e  male  f e m a l e  male  ^ 2 ^ 2  f e m a l e
Of t h e  2 p l a n t s  p l a c e d  i n  Group 5,  one was t e s t e d  f o r  s e l f ­
c o m p a t i b i l i t y  an d  shown t o  p r o d u c e  4? p o l l e n  t u b e s  p e r  s t i g m a .  P l a n t s  
o f  t h i s  g ro u p  were  i n c o m p a t i b l e  w i t h  a l l  t e s t e r s  e x c e p t  t h o s e  w i t h  
and 8 g s t i g m a s .  I t  i s  c o n c l u d e d  t h a t  p l a n t s  a l l o t t e d  t o  Group 5
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p o s s e s s e d  t h e  geno ty pe  wi th  b e in g  r e c e s s i v e  i n  the
p o l l e n .
R e a c t i o n  o f  Group 6
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
f e m a le
fe m a l e  male  f e m a l e  male
B. c a m p e s t r i s  
82-33 9
f e m a le
I n  Group 6 one p l a n t  was found  t o  be f u l l y  s e l f - c o m p a t i b l e  
p r o d u c i n g  38 p o l l e n  t u b e s  p e r  s t i g m a  w h i l e  2 p l a n t s  w e re  f u l l y  s e l f -  
i n c o m p a t i b l e .  P l a n t s  o f  t h e  g ro u p  were  i n c o m p a t i b l e  w i t h  a l l  t e s t e r s  
e x c e p t  t h e  B. o l e r a c e a  l i n e  w i t h  s t i g m a s .  Thus Group 6 p l a n t s  
a p p e a r  t o  p o s s e s s  t h e  and a l l e l e s ,  w i t h  and sh o w in g
i n d e p e n d e n t  a c t i o n  i n  b o t h  p o l l e n  and s t i g m a .
R e a c t i o n  o f  Group 7
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s B. o l e r a c e a
f e m a le
f e m a l e  male  f e m a l e  male
B. c a m p e s t r i s  
82 -3 39
f e m a l e
The s i n g l e  p l a n t  t e s t e d  f o r  s e l f - c o m p a t i b i l i t y  i n  Group 7 was 
f u l l y  s e l f - i n c o m p a t i b l e .  P l a n t s  o f  t h e  g ro u p  were  r e c i p r o c a l l y  
i n c o m p a t i b l e  w i t h  t h e  B. c a m p e s t r i s  t e s t e r  sh o w in g  t h a t  was 
a c t i v e  i n  b o t h  t h e  p o l l e n  an d  s t i g m a s  o f  t h e s e  p l a n t s .  T h e i r  p o l l e n  
was a l s o  i n c o m p a t i b l e  i n  s t i g m a s  i n d i c a t i n g  t h a t  was a c t i v e  i n  
t h e  p o l l e n .  C r o s s e s  i n v o l v i n g  t h e  8^ t e s t e r  a s  male  a n d  f e m a l e  and
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t h e  Sg l i n e  a s  f e m a l e  we re  c o m p a t i b l e  i n d i c a t i n g  t h a t  Sg was i n a c t i v e
p o l l e n  &
i n  t h e  p o l l e n  w h i l e  a l s o  i n a c t i v e  i n  t h e ^ s t i g m a .  The e v i d e n c e  
s u g g e s t s ,  t h e r e f o r e ,  t h a t  p l a n t s  i n  Group 7 p o s s e s s  o n l y  t h e  and 
a l l e l e s ,  w i t h  t h e  a l l e l e  show ing  i n d e p e n d e n t  a c t i o n  i n  p o l l e n  
and s t i g m a .
R e a c t i o n  o f  Group 8
Number B. c a m p e s t r i s B. c a m p e s t r i s  B. o l e r a c e a B. c a m p e s t r i s
o f SbSb S S f e m a le  a a 82 -339p l a n t s
f e m a l e  male f e m a l e  male  SgS f e m a le
6 — 4* + — + 4"
 ^ Of 4 p l a n t s  t e s t e d  f o r  t h e  s e l f - c o m p a t i b i l i t y  i n  Group 8 a l l  
p r o v e d  t o  be s e l f - i n c o m p a t i b l e  p r o d u c i n g  bet w een  0 -6  p o l l e n  t u b e s  p e r  
s t i g m a .  P l a n t s  o f  t h e  g ro u p  w e re  r e c i p r o c a l l y  c o m p a t i b l e  w i t h  t h e  
‘ B. c a m p e s t r i s  t e s t e r  l i n e  i n d i c a t i n g  t h a t  t h e  a l l e l e  was 
i n a c t i v e  i n  b o t h  p o l l e n  and s t i g m a s  o f  t h i s  g r o u p  o f  p l a n t s .  P o l l e n  
p r o d u c e d  by t h e  p l a n t s  was a l s o  c o m p a t i b l e  i n  t h e  s t i g m a s  o f  t h e  
and t e s t e r s  i n d i c a t i n g  a l a c k  o f  and S_ a c t i v i t y  i n  t h e  p o l l e n .  
F i n a l l y ,  t h e  i n c o m p a t i b l e  c r o s s e s  w i t h  B. o l e r a c e a  s t i g m a s  and 
B. c a m p e s t r i s  p o l l e n  showed t h a t  i n  t h e  F^ p l a n t s  t h e  a l l e l e
was a c t i v e  i n  t h e  p o l l e n  w h i l e  was a c t i v e  i n  t h e  s t i g m a .  From t h i s  
i t  i s  c o n c l u d e d  t h a t  p l a n t s  a l l o t t e d  t o  Group 8 p o s s e s s  t h e  ^ and 
a l l e l e s ,  w i t h  b e i n g  r e c e s s i v e  i n  t h e  p o l l e n .
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R e a c t io n  o f  Group 9
Number,  B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
o f  '  S. S. S S f e m a leb b a ap l a n t s
fe m a l e  male  f e m a l e  male  SgS
B. c a m p e s t r i s  
82-339
f e m a le
A l l  p l a n t s  i n  Group 9 p ro d u c e d  l e s s  t h a n  2 p o l l e n  t u b e s  p e r  s t i g m a  
when s e l f e d .  P l a n t s  o f  t h e  g ro u p  were r e c i p r o c a l l y  i n c o m p a t i b l e  w i t h  
t h e  B. c a m p e s t r i s  t e s t e r  an d  i n c o m p a t i b l e  w i t h  s t i g m a s  o f  t h e  
t e s t e r .  The p l a n t s  were  a l s o  found  t o  be r e c i p r o c a l l y  c o m p a t i b l e  w i t h  
t h e  S t e s t e r  an d  c o m p a t i b l e  w i t h  s t i g m a s  o f  t h e  l i n e .  I t  was 
c o n c l u d e d ,  t h e r e f o r e ,  t h a t  p l a n t s  o f  t h i s  gro u p  p o s s e s s e d  t h e  and
a l l e l e s  w i t h  s how ing  i n d e p e n d e n t  a c t i o n  i n  t h e  p o l l e n  and 
s t i g m a .
' R e a c t i o n  o f  Group 10
Number
o f
p l a n t s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a
fe m a le
f e m a l e  male  f e m a l e  male
B. c a m p e s t r i s  
82-339
f e m a le
Both  p l a n t s  a l l o t t e d  t o  Group 10 were f u l l y  s e l f - i n c o m p a t i b l e  w i t h  
no more t h a n  1 p o l l e n  t u b e  p r o d u c e d  p e r  s t i g m a .  P l a n t s  o f  t h e  g ro u p  
were  r e c i p r o c a l l y  i n c o m p a t i b l e  w i t h  t h e  t e s t e r  l i n e  s h o w in g  t h a t  S. 
was a c t i v e  i n  b o t h  p o l l e n  an d  s t i g m a .  P o l l e n  o f  Group 10 p l a n t s  was 
a l s o  i n c o m p a t i b l e  i n  s t i g m a s  s u g g e s t i n g  was a c t i v e  i n  t h e  
p o l l e n .  C r o s s e s  w i t h  B. o l e r a c e a  a s  t h e  f e m a l e ,  an d  B. c a m p e s t r i s  
i n  b o t h  d i r e c t i o n s ,  were  c o m p a t i b l e .  C o n s e q u e n t l y ,  t h e  p l a n t s  i n
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Group 10 were  c o n s i d e r e d  t o  p o s s e s s  j u s t  t h e  and a l l e l e s  w i t h  
sh o w in g  i n d e p e n d e n t  a c t i o n  i n  t h e  p o l l e n  and s t i g m a .  P l a n t s  c h o s e n  a t  
ra ndom^ f rom e a ch  p h e n o t y p i c  g ro u p  were t e s t e d  w i t h  B. o l e r a c e a  and 
B. c a m p e s t r i s  t e s t e r  l i n e s  t o  c o n f i r m  t h e  r e s u l t s  and t h e s e  r e s u l t s  
were  c o n s i s t e n t  w i t h  t h o s e  o f  t h e  f i r s t  s e t  o f  t h e  t e s t s .
6 .4  DISCUSSION
6 . 4 . 1  The o b t a i n e d  f rom s e l f - p o l l i n a t i n g  S ,^ S ^ ^ S  S,---------k------------------------------------ ----------------------14—29—a—b
A l l  71 p l a n t s  o f  t h i s  F^ f a m i l y  we re  e f f e c t i v e l y  s e l f - i n c o m p a t i b l e  
 ^ i n d i c a t i n g  t h a t  t h e  s e l f - i n c o m p a t i b i l i t y  r e s p o n s e  was f u l l y  
f u n c t i o n a l ,  even i n  p l a n t s  o f  g e n o t y p e  S^^S ^^ S^S^ .  From t h e  r e s u l t s  
o f  c r o s s e s  made b e tw e en  t h e  F^ p l a n t s  and t h e  B. c a m p e s t r i s  and 
•B. o l e r a c e a  t e s t e r  l i n e s  ( e a c h  homozygous  f o r  p a r t i c u l a r  S - a l l e l e s ) ,  
t h e  9 p o s s i b l e  S - l o c u s  g e n o t y p e s  t h a t  c o u l d  be p r e s e n t  i n  an  F^ were  
i d e n t i f i e d  ( T a b l e  6 . 4 ) .  P l a n t s  o f  t h e  same g e n o t y p e  f r e q u e n t l y  
d i f f e r e d  w i t h  r e s p e c t  to  t h e  e x p r e s s i o n  o f  p a r t i c u l a r  S - a l l e l e s .  Thus '■
b a s e d  on t h e i r  S - a l l e l e  c o n s t i t u t i o n  ( g e n o t y p e )  p l u s  t h e  a c t i v i t y  o f  
a l l e l e s  i n  p o l l e n  and  s t i g m a s  t h e  71 p l a n t s  o f  t h e  F^ n a t u r a l l y  f e l l  
i n t o  a t o t a l  o f  14 d i f f e r e n t  g r o u p s .
P l a n t s  i n  Group 1 c o n t a i n e d  a l l  4 S - a l l e l e s  (S ^ ^ ,  S^g ,  S ^ ,  S ^ ) , 
b u t  i n  t h e  p o l l e n  was r e c e s s i v e .  Group 2 p l a n t s  a l s o  c o n t a i n e d  a l l  
4 S - a l l e l e s  b u t  b o t h  and S^ were  r e c e s s i v e  i n  t h e  p o l l e n .  F i n a l l y  
p l a n t s  a s s i g n e d  t o  Group 3 a g a i n  c o n t a i n e d  t h e  4 d i f f e r e n t  S - a l l e l e s  
b u t  was r e c e s s i v e  i n  t h e  s t i g m a  and S i n  t h e  p o l l e n .  Thus p l a n t s  
i n  Groups  1, 2 and  3 a l l  a p p e a r e d  t o  p o s s e s s  t h e  g e n o t y p e  S^gS^^S^S^
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b u t  showed d i f f e r e n t  S - a l l e l e  a c t i v i t y  in  s t igm a  o r  p o l l e n .  In
s i m i l a r  f a s h i o n  t h e  S - l o c u s  g e n o t y p e s  and a c t i v i t y  o f  a l l e l e s  have
been  e s t a b l i s h e d  f o r  p l a n t s  i n  t h e  o t h e r  11 g r o u p s  ( T a b l e  6 . 4 ) .
An i n t e r e s t i n g  f e a t u r e  t o  emerge f rom T a b l e  6 .4  i s  t h a t  t h e
d i f f e r e n c e  b e tw een  p h e n o t y p i c  an d  g e n o t y p i c  g r o u p s  i s  e n t i r e l y  due to
t h e  v a r i a t i o n  i n  e x p r e s s i o n  o f  a l l e l e  S . Thus a c t i v i t y  o f  S i n  t h i sa a
Fg c o u l d  be a f f e c t e d  e i t h e r  by an  e n v i r o n m e n t a l  f a c t o r  o r  by g e n e t i c  
f a c t o r s  u n r e l a t e d  t o  t h e  S - l o c u s .  I t  i s  d i f f i c u l t  t o  i d e n t i f y  an 
e n v i r o n m e n t a l  f a c t o r  t h a t  m i g h t  be r e s p o n s i b l e  f o r  v a r i a t i o n  o f  S^ 
e x p r e s s i o n .  No o b v i o u s  f l o w e r  t o  f l o w e r  b a s i s  o r  p l a n t  t o  p l a n t  
f a c t o r  c o u l d  be d e t e c t e d .  The p o s s i b i l i t y  o f  i t  b e i n g  due t o  a n o t h e r  
s i n g l e  d o m in a n t  gen e  u n l i n k e d  t o  t h e  S - a l l e l e  would  r e f l e c t  a s i m i l a r
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s i t u a t i o n  t o  one d e s c r i b e d  by Verma e t  a l . (1 977)  i n  E r u c a  s a t i v a .
By means o f  t h e  i n t e r s p e c i f i c  c r o s s e s  t h e  g e n o t y p e  o f  t h e  F^ p l a n t
( 8 8 - 1 8 4 - 0 3 )  u sed  a s  t h e  t e s t e r  i n  c r o s s e s  t o  o t h e r  F^ p l a n t s
( E x p e r i m e n t  l a )  was e s t a b l i s h e d  t o  be S S _S S w i t h  S b e i n g
2 9  2 9  a  b  a
r e c e s s i v e  i n  t h e  s t i g m a  and S^ i n  t h e  p o l l e n .  The r e s u l t s  o b t a i n e d  
f rom c r o s s e s  b e tw e e n  8 8 - 1 8 4 - 0 3  and r e m a i n i n g  70 p l a n t s  a r e  g i v e n  i n  
T a b l e  6 . 5 ,  o r d e r e d  a c c o r d i n g  t o  t h e  g r o u p s  i d e n t i f i e d  i n  i n t e r s p e c i f i c  
t e s t s ,  b u t  4 t e s t  c r o s s e s  ( p l a n t s  51,  55,  22 and  57) gave  an o m a lo u s  
c o m p a t i b l e  r e s u l t s  w h ich  d i d  n o t  f i t  t h e  g e n e r a l  p a t t e r n  o f  t h e  
g e n o t y p i c  g r o u p s .  I n  two o f  t h e s e  c r o s s e s  ( i n v o l v i n g  p l a n t s  8 8 - 1 8 4 - 5 5  
and 57) f u l l  c o m p a t i b i l i t y  o c c u r r e d  w i t h  o v e r  75 p o l l e n  t u b e s  p e r  
s t i g m a .  I n  f a c t  t h e  r e s u l t s  o b t a i n e d  f o r  p l a n t s  i n  Group 1 ( T a b l e  
6 . 2 )  showed t h a t  p l a n t s  51 and 55 m ig h t  more p r o p e r l y  be a s s i g n e d  to  
Group 10, b e c a u s e  o f  t h e  s i g n i f i c a n t  t u b e  p e n e t r a t i o n  t h a t  o c c u r r e d  i n  
B. o l e r a c e a  S^g s t i g m a s .  I t  i s  p o s s i b l e  t h a t  t h e  a n o m a lo u s  r e s u l t s  
o b t a i n e d  f o r  p l a n t s  51 and 55 we re  t h e  r e s u l t  o f  p a r t i a l  i n a c t i v i t y  o f
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t h e  Sg a l l e l e .  However a n o m a lo u s  r e s u l t s  o b t a i n e d  f o r  p l a n t s  22 and 
57 c o u l d  n o t  be a c c o u n t e d  f o r .  Anomalous i n c o m p a t i b l e  r e s u l t s  were  
o b t a i n e d  i n  3 t e s t  c r o s s e s  ( p l a n t s  8 8 - 1 8 4 - 1 9 ,  35 and 5 0 ) .  However 
t h e s e  c r o s s e s  gave  a s i g n i f i c a n t  number o f  p o l l e n  t u b e  p e n e t r a t i o n s  
and may have  be en  f a l s e  n e g a t i v e s .
6 . 4 . 2  o b t a i n e d  f rom s e l f - p o l l i n a t i n g
— 2'" -  — '■ ....................... 14—2—a—b
As n o t e d  e a r l i e r  s e l f - c o m p a t i b l e  p l a n t s  o c c u r r e d  i n  a l l  t h e  p h e n o t y p i c  
g ro u p s  d e t e c t e d  i n  t h i s  f a m i l y ,  b u t  d e t e c t i o n  o f  a l l e l e  a c t i v i t y  was 
s t i l l  p o s s i b l e .  I n  E x p e r i m e n t  I I ,  10 d i f f e r e n t  p h e n o t y p e s  were  
 ^ i d e n t i f i e d  an d  t h e s e  a r e  shown i n  t h e  T a b l e  6 . 6  t o g e t h e r  w i t h  t h e i r  
p resumed  S - a l l e l e  c o n s t i t u t i o n  and a l l e l e  a c t i v i t y .  A l l  f o u r  a l l e l e s  
were  d e t e c t e d  i n  p l a n t s  a s s i g n e d  t o  Groups  1 and 2 b u t  i n  t h e  f o r m e r  
‘ and were  r e c e s s i v e  i n  p o l l e n  w h i l s t  i n  t h e  l a t t e r  a l l  4 a l l e l e s
were  e x p r e s s e d  i n  p o l l e n  b u t  was r e c e s s i v e  i n  t h e  s t i g m a s .  Thus i t  
was c o n c l u d e d  t h a t  p l a n t s  i n  Groups  1 and 2 e a c h  p o s s e s s  t h e  g e n o t y p e  
As i n  E x p e r i m e n t  I ,  i t  was p o s s i b l e  t o  d educe  t h e  
g e n o t y p e s  o f  t h e  o t h e r  8 g r o u p s  i n  t h e  same way ( T a b l e  6 . 6 ) .  I n  
c o n t r a s t  t o  t h e  F ^ ' s  a l l  f o u r  a l l e l e s  c o u l d  be a c t i v e  i n  t h e  p o l l e n  o f  
h e t e r o z y g o u s  p l a n t s .  As i n  E x p e r i m e n t  I ,  a c t i v i t y  o f  B. c a m p e s t r i s  S -  
a l l e l e s  showed b e tw een  p l a n t  v a r i a t i o n .  I n  t h i s  f a m i l y  a c t i v i t y  o f  
b o t h  and v a r i e d  an d  t h i s  v a r i a t i o n  c o u l d  o c c u r  i n  g ro u p s
p o s s e s s i n g  o n l y  2 S - a l l e l e s  ( e . g .  Groups  8 and 9 ) .  Only  32 p l a n t s  
were  t e s t e d  i n  t h i s  f a m i l y  and o n l y  6 g e n o t y p e s  were  i d e n t i f i e d .  
F u r t h e r m o r e ,  t h e  number o f  p l a n t s  i n  t h e  d i f f e r e n t  g e n o t y p e s  a p p e a r e d  
t o  d e v i a t e  c o n s i d e r a b l y  f rom e x p e c t a t i o n s  f o r  t h i s  f a m i l y .  The Chi
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s q u a r e  t e s t  showed t h a t  t h e  r a t i o  o f  S S, :S S :S .S ,  p l a n t s  was n o ta b a a b b
s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  e x p e c t e d  2 : 1:1 r a t i o  a t  0 .05%,  b u t  
t h a t  t h e  r a t i o  o f  8 ^^8 2 : 2 2 3 2 : 8 ^^8 ^^ d i d  d i f f e r  s i g n i f i c a n t l y  f rom 
e x p e c t a t i o n .  The d i f f e r e n c e  b e tw een  p h e n o t y p i c  and g e n o t y p i c  g r o u p s  
was e n t i r e l y  t h e  r e s u l t  o f  v a r i a t i o n  i n  e x p r e s s i o n  o f  B. c a m p e s t r i s  8 ^ 
and 8 ^ a l l e l e s .  I n  t h e  p o l l e n  o f  t h o s e  p l a n t s  which c o n t a i n e d  b o t h  8^ 
and 8 ^ a l l e l e s  (19 p l a n t s ) ,  8^ and 8 ^ were  b o t h  a c t i v e  i n  6 p l a n t s ,  8^ 
was a c t i v e  i n  3 p l a n t s  an d  8 i n  2 p l a n t s .  I n  8 p l a n t s  none o f  t h e  
B, c a m p e s t r i s  a l l e l e s  were  a c t i v e .
6 . 4 . 3  C on seq u en ces  o f  t h e  r e s u l t s  o b t a i n e d  f rom a n a l y s i n g  F2 
p r o g e n i e s
I n h e r i t e d  form o f  s e l f - c o m p a t i b i l i t y  was p r e s e n t  i n  t h e  s y n t h e t i c  
m a t e r i a l .  However ,  n e i t h e r  g e n e t i c  c o n t r o l  o f  t h i s  s e l f - c o m p a t i b i l i t y  
n o r  i t s  p r e c i s e  c h a r a c t e r  were  r e s o l v e d .  The a n a l y s i s  o f  b o t h  Fg 
p r o g e n i e s  showed t h a t  i t  was n o t  l i n k e d  o r  a s s o c i a t e d  w i t h  t h e  
8 ^y8 ^^8^ 8^ g e n o t y p e  i n  wh ich i t  h a s  f i r s t  bee n  d e t e c t e d .  The 
o c c u r r e n c e  o f  s e l f - c o m p a t i b i l i t y  i n  f a m i l y  88-188  and i t s  a b s e n c e  i n  
88-184  s u g g e s t s  t h a t  i t  may o n l y  be e x p r e s s e d  i n  t h e  a b s e n c e  o f  
d o m in an t  8 - a l l e l e s .
A n a l y s i s  u s i n g  a s i n g l e  p l a n t  t e s t e r  f rom w i t h i n  t h e  f a m i l y  a s  i n  
8 8 - 1 8 4 ,  was u n i n f o r m a t i v e .  T h i s  was n o t  s u r p r i s i n g ,  g i v e n  t h e  
a c t i v i t i e s  o f  t h e  S - a l l e l e s  found  i n  t h e  s y n t h e t i c s  and F ^ ’ s .  As 
T a b l e  6 . 7  shows,  o n l y  3 g r o u p s  would  be d i s t i n g u i s h e d  f r om  such  t e s t s  
i n d i c a t i n g  t h a t  s u c c e s s f u l  a l l e l e  i d e n t i f i c a t i o n  i n  s u c h  complex 
s i t u a t i o n s  r e q u i r e s  homozygous t e s t e r s .  I n  f a c t ,  ' h i d d e n '  8 - l o c i  
c o u l d  p e r s i s t  i n  a  s p e c i e s  w i t h  s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  i f
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th e  a l l e l e s  a t  t h e  l o c u s  were p a r t i a l l y  o r  c o m p l e t e l y  r e c e s s i v e .
Verma e t  a l . (1977)  r e p o r t e d  t h a t  Eru ca  s a t i v a  p o s s e s s e d  a s p o r o p h y t i c  
s y s t e m  w i t h  2 - 3  l o c i .  They a ssum ed  i n t e r l o c u s  i n t e r a c t i o n  o f  t h e  t y p e
a tf ound  i n  g r a s s e s ,  su ch  t h a t  t h e  2 a l l e l e s / S  and Z l o c i ,  t o g e t h e r
p r o d u c e d  a p a r t i c u l a r  s p e c i f i c i t y .  I n  t h e  2 l o c i  s y s t e m  d e s c r i b e d  i n
B. n ap u s  t h e  a l l e l e s  a t  e a c h  l o c u s  r e t a i n  i n d i v i d u a l  s p e c i f i c i t i e s
i . e .  r e m a i n s  , i t s  e x p r e s s i o n  b e i n g  d e p e n d e n t  on t h e  i n t e r  and
i n t r a  l o c u s  dominance r e l a t i o n s  w i t h  o t h e r  l o c i .  The 9 g e n o t y p e s  were
t h e r e f o r e  e x p e c t e d  t o  p r o d u c e  up t o  9 p h e n o t y p e s  d e p e n d i n g  on
dom inance  r e l a t i o n s h i p s  o f  t h e  a l l e l e s  p r e s e n t .  I n  f a c t ,  more t h a n  9
g e n o t y p e s  were  fo u n d  d e p e n d i n g  on t h e  e x p r e s s i o n  o f  i n  t h e  f a m i l y
c o n t a i n i n g  a l l e l e s  S - - S  .S  S ( 8 8 - 1 8 4 )  and S an d  S, i n  f a m i l y2y 14  a D a b
c o n t a i n i n g  a l l e l e s  ( 8 8 - 1 8 8 ) .  T ab le  6 . 8  g i v e s  t h e  r e s u l t s
t h a t  w oul d  be e x p e c t e d  f rom a c o m p l e t e  d i a l l e l  s e t  o f  c r o s s e s  f o r  
f a m i l y  8 8 - 1 8 4 .  I t  s h o u l d  be n o t e d  t h a t  t h e r e  a r e  more t h a n  9 
d e t e c t a b l e  p h e n o t y p e s  and t h a t  i f  t h e  i n c o m p a t i b i l i t y  s t a t u s  o f  t h e  
m a t e r i a l  had  b een  unknown an d  t e s t e r  l i n e s  u n a v a i l a b l e ,  3 l o c u s  
s y s t e m s  would  have  b ee n  r e q u i r e d  t o  a c c o u n t  f o r  t h e  r e s u l t s .  I t  may 
be o f  v a l u e  f o r  t h o s e  w o r k i n g  w i t h  o t h e r  complex s e l f - i n c o m p a t i b i l i t y  
s y s t e m s  t o  r e - e v a l u a t e  t h e i r  r e s u l t s  w i t h  t h i s  d a t a  i n  mind.  F i n a l l y ,  
t h e  a c t i v i t y  o f  B. o l e r a c e a  a l l e l e s  i n  s t i g m a  r e m a i n s  u n d e t e r m i n e d  an d  
c o u l d  o n l y  be ded uced  i n  some c a s e s .  The p r o d u c t i o n  o f  t e s t e r s  
homozygous f o r  s i n g l e  B. o l e r a c e a  a l l e l e s  i s  r e q u i r e d  f o r  t h e s e  t e s t s .
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Table 6.1 Mean number o f  p o l l e n  t u b e s  p e n e t r a t i n g  the  s t igm a
f o l l o w i n g  s e l f  an d  i n t r a l i n e  c r o s s e s  b e tw een  s y n t h e t i c
B. napus  p l a n t s  c o n t a i n i n g  a l l e l e s  ( 8 8 - 1 8 4 )— 2 ---------------------------------------------------------------------------- 2  y — 1 4 —a —b -----------------------
P l a n t  No. S e l f  8 8 - 1 8 4 - 0 3
( 8 8 - 1 8 4 )  p o l l i n a t i o n s  f e m a l e  male
1 0 0 0
2 0 0 0
3 0 0 0
4 0 n . t . 0
5 0 0 1
6 0 0 0
7 0 0 0
8 0 7 0
9 3 0 0
10 0 0 0
11 9 21 29
12 0 23 >75
13 0 0 17
14 0 0 0
15 0 0 0
16 0 0 0
17 0 11 15
18 4 0 0
19 2 23 10
20 0 0 0
21 0 0 0
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P l a n t  No. S e l f  8 8 - 1 8 4 - 0 3






P l a n t  No. 
( 8 8 - 1 8 4 )
S e l f
p o l l i n a t i o n s
88 -1 8 4
f e m a l e
-0 3
male
47 0 7 0
48 0 0 0
49 0 0 0
50 7 43 18
51 18 8 32
52 0 2 20
53 0 0, n . t .
54 0 0 0
55 0 >75 . 0
56 0 5 n .  t .
57 0 20 >75
58 0 0 0
59 0 0 n . t .
60 0 0 0
61 0 0 0
62 0 60 34
63 0 0 0
64 0 0 0
65 0 0 0
66 0 0 0
67 0 0 0
68 0 0 0
69 0 0 0
70 0 0 0
71 0 0 0
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T a b l e  6 . 2  Mean numbers o f  p o l l e n  t u b e s  p e n e t r a t i n g  t h e  s t i g m a  
f o l l o w i n g  c r o s s e s  be tw e en  l i n e  88-184  (S ^ ^ j | S ^ S ^) w i t h  
 ^ B. c a m p e s t r i s  and B. o l e r a c e a  t e s t e r  l i n e s
B. c a m p e s t r i s  B. c a m p e s t r i s  B. o l e r a c e a  B. c a m p e s t r i s
l a n t  
No.




f e m a l e
a
male S 14S
f e m a l e  
14 3^29^29
8 2 -3 39
f e m a l e
1 23 3 6 7 0 1 6
4 23 0 8 6 0 0 61
5 35 7 8 6 0 0 >75
6 25 0 4 11 0 0 >75
8 29 0 1 0 0 0 >75
15 61 0 14 0 0 0 >75
21 37 0 11 0 0 0 40
23 31 0 0 0 5 •5 >75
30 40 0 4 0 0 0 32
33 >75 0 17 3 0 0 44
36 >75 0 7 0 0 0 n . t .
37 >75 0 2 8 0 0 38
38 >75 0 7 8 0 0 25
41 43 0 13 0 0 0 24
43 20 0 0 0 0 0 8
44 56 0 18 1 1 0 0 48
47 50 0 0 0 0 0 37
48 >75 0 8 10 4 0 43
51 >75 0 1 0 0 12 36
54 63 0 6 10 0 0 50





P l a n t
No.
B. c a m p e s t r i s  
f e m a l e  male
B. c a m p e s t r i s  
f e m a l e  male
B. o l e r a c e a  B. 
f  em ale
^14^14 ^29^29
c a m p e s t r i s
82-339
f e m a l e
1 58 20 0 0 13 0 0 23
59 25 0 0 0 9 16 40
63 43 0 0 0 0 0 >75
To t a l 48 0 6 4 1 2 43
2 7 20 0 25 6 0 0 >75
13 44 0 33 6 0 0 >75
18 >75 7 20 4 0 0 >75
24 49 0 28 9 0 0 60
26 >75 0 52 0 0 0 n . t .
32 45 0 20 2 0 0 >75
64 20 0 >75 19 0 0 >75
65 60 0 35 0 11 0 >75
T o t a l 49 1 36 6 2 0 64
3 14 >75 0 10 >75 0 0 47
31 >75 0 4 54 0 0 n . t .
42 20 0 12 >75 0 1 1 >75
60 27 0 0 22 5 0 47
68 52 16 6 28 0 0 39
T o t a l 50 3 6 51 1 2 42
/ .
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B. c a m p e s t r i s B. c a m p e s t r i s B. o l e r a c e a  B. c a m p e s t r i s
Group 
No.
P l a n t
No.
S^S
f  emale b . male
S S
f e m a l e  male
f e m a l e  
^14^1 4  ^29^29
82-339
f e m a l e
4 2 68 0 >75 >75 0 0 32
10 >75 0 40 27 0 0 65
16 48 0 54 22 0 0 >75
17 46 0 63 >75 0 0 >75
22 >75 0 29 36 0 0 >75
29 >75 0 47 40 0 0 >75
45 >75 1 6 28 40 0 0 >75
52 61 0 20 58 16 0 >75
57 >75 0 49 27 0 0 >75
66 >75 0 20 49 0 0 25
T o t a l 67 2 43 45 1 0 65
5 40 >75 42 0 0 0 0 >75
53 69 69 0 0 0 0 >75
69 57 58 17 0 0 0 29
T o t a l 59 56 7 0 0 0 55
6 71 >75 >75 >75 0 0 0 >75
7 3 >75 0 2 >75 56 0 35
70 62 0 10 >75 62 0 25





P l a n t  
No.
B. c a m p e s t r i s  
f e m a le  male
B. c a m p e s t r i s  
f e m a l e  male
B. o l e r a c e a  B. 
f e m a l e
^14^14 ^29^29
c a m p e s t r i s
82 -339
f e m a l e
8 20 36 0 0 0 >75 0 33
27 >75 0 4 0 >75 0 54
34 >75 0 8 0 >75 0 25
49 20 12 0 0 24 0 20
61 36 0 0 12 >75 0 36
T o t a l 48 4 2 4 70 0 36
.9 11 53 0 40 0 0 , 32 >75
10 19 63 0 13 0 0 46 65
28 >75 0 9 3 0 60 30
35 >75 0 0 0 0 51 >75
50 39 0 4 0 2 27 21
62 23 0 0 0 1 1 38 >75
T o t a l 50 0 6 0 2 40 52
11 25 24 21 7 0 0 20 47
56 50 41 4 0 0 25 61
To t a l 37 31 6 0 0 23 54
12 12 >75 0 >75 22 0 29 >75
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B. c a m p e s t r i s B. c a m p e s t r i s B. o l e r a c e a  B. c a m p e s t r i s
Group 
No.
P l a n t  
No.




f e m a l e
a
maie
f  em ale  
^14^14 ^29^29
82-339
f e m a l e
13 39 >75 >75 4 35 >75 0 >75
46 54 25 7 27 56 0 >75
T o t a l 65 50 5 31 66 0 >75
14 9 >75 0 26 31 >75 0 >75
67 65 0 >75 40 60 0 >75
T o t a l 70 0 51 36 68 0 >75
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T a b l e  6 .4  P h e n o t y p i c  an d  g e n o t y p i c  g r o u p s  d educed  i n  f a m i l y  
c o n t a i n i n g  a l l e l e s  ^ ^  t o g e t h e r  w i t h  t h e i r  a l l e l e  a c t i v i t y
A c t i v e a l l e l e s
Group E x p r e s s e d ( P h e n o t y p e s ) No. o f G e n o ty p e s No. o f
a l l e l e s
f  em ale male
p l a n t s p l a n t s
1 S 2 9 S m V b ^ 2 9 ^ l 4 ^ a 24
2 n TÎ ^29^14 8 ^29=1M®a®b 37
3 n S29 Sl4Sb ^ 2 9 ^ l 4 ^ a 5
4 ^2 9^1 4^6 ^29^14 10 =29=14=b 10
5
6 tl
^ 2 9 ^ l 4 ^ a
fl
















9 S ^ V b ^14 1
= 1 4 V b 610 S ^ V b 3143% 5
11 3 l 4 3 a 2 S l4 = a 2
12 S l^ S b ®1l)®b 3 i 4 1 ®14®b 1
13 =29 3293a 2 =29=a 2
14 ®29®b =29=b 329 2 ®29=b 2
To t a l 71 71
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Table  6 .5  I n t e r p r e t a t i o n  o f  th e  r e s u l t s  o b ta in e d  from
i n t r a l i n e  c r o s s e s  c o n t a i n i n g  a l l e l e s  S,---------------------------------------------------------------------- 2 y~ 14—a—b
Group Geno type
3293l43aSb
Mean p o l l e n  t u b e  no.
8 8 - 1 8 4 - 0 3
P l a n t  
No.
-  l66  —
f e m a l e male
1 0 0





















Group Genotype P l a n t  
No.
Mean p o l l e n  
8 8 - 1 8 4 -
f e m a le
t u b e  n o . 
■03
male
1 ^ 2 9 = 1 4 ^ 5 58 0 0
59 0 n . t .
63 0 0













T o t a l 4 3
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Mean p o l l e n t u b e  no.
8 8-184 -0 3
Group Genotype P l a n t
No. f e m a l e male
4 2 0 0
10 0 0
16 0 0




52 2 . 20
57 20 >75
66 0 0
T o t a l 5 14
5 40 0 0
53 0 n . t .
69 0 0
6 71 0 0
T o t a l 0 0
— 168 -
/ .
Group Genotype P l a n t  
No.
Mean p o l l e n  
88-184.
fe m a le
t u b e  n o .
-03
male
7 329 32 g3 a3b 3 0 0
70 0 0





T o t a l 0 . 0
9 11 21 29





T o t a l 39 37
11 S 14^14 V a 25 20 31
56 25 n . t .
T o t a l 23 31
12 S l 4 S l 4 V b 12 23 >75
169
Mean p o l l e n t u b e  no .
88 -1 84 -03
Group Ge no ty pe P l a n t
No. f e m a le male
13 32g329 3a3a 39 0 0
46 0 0
T o t a l 0 0
14 32932 g3 b3 b 9 0 0
67 0 0
T o t a l 0 0
-  170
T a b l e  6 . 6  P h e n o t y p i c  an d  g e n o t y p i c  g r o u p s  d educed  i n  f a m i l y  
c o n t a i n i n g  a l l e l e s  S  ^ t o g e t h e r  w i t h  t h e i r  a l l e l e  a c t i v i t y
Ac t i v e a l l e l e s No. o f No. o f
i n  ( p h e n o t y p e s ) p l a n t s p l a n t s
Group E x p r e s s e d i n  ea ch Geno type i n  e ach
a l l e l e s f  emale male group g e n o t y p e
1 ®14®2 3
^ 4 V a = b 52 tl =14^2=3 S l 4 = 2 V b 2
3 S , 4 V b = 14 V b = 14 5
4 = l 4 V b ® 1 4 V b = 1 4 \ 3 S l 4 S l 4 V b 10
5 ® l i | V b ® l 4 V b Sl4Sb 2
6 SgSaSb SgSaSb 4 =2®2Sa=b 4
7 ®l4Sa Sl4=a 2 = l 4 S l 4 = a = a 2
8
9
^ i n ^ b






3 3 l 4 3 i 4 3 b 3 b
9
10 3p3b =2®b 2 Sp^p^b^b 2
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BIOCHEMICAL STUDIES OF STIGMATIC PROTEINS IN BRASSICAS 
7.1  INTRODUCTION
Lewis  ( 1952) u s e d  s e r o l o g i c a l  t e c h n i q u e s  t o  i d e n t i f y  i n c o m p a t i b i l i t y  
s u b s t a n c e s  and p r o p o s e d  t h a t  d i f f e r e n t  S - a l l e l e s  p r o d u c e d  s p e c i f i c  and 
a n t i g e n i c a l l y  d i s t i n g u i s h a b l e  s u b s t a n c e s  i n  O e n o t h e r a  o r g a n e n s i s  
p o l l e n .  F o l l o w i n g  t h i s  a p p r o a c h ,  N a s r a l l a h  & W a l l a c e  (1 9 6 7 a )  employed 
i m m u n o d i f f u s i o n  t e c h n i q u e s  t o  a s s a y  t h e  a n t i g e n s  p r e s e n t  i n  s t i g m a s  o f  
d i f f e r e n t  i n c o m p a t i b i l i t y  g e n o t y p e s  o f  c a b b a g e .  - They showed t h a t  
g e n o t y p e  s p e c i f i c  a n t i g e n s  c o u l d  be d e t e c t e d  i n  s e l f - i n c o m p a t i b l e  
s t i g m a s  o f  d i f f e r e n t  B. o l e r a c e a  S - a l l e l e  ho m ozygq tes  and a l s o  i n  t h e  
s t i g m a s  o f  t h e i r  h y b r i d s .  L a t e r ,  u s i n g  a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s ,  N a s r a l l a h  e t  a l . (1970)  d e t e c t e d  d i f f e r e n c e s  i n  
p r o t e i n  p a t t e r n s  f rom  s t i g m a t i c  h o m ogena te s  o f  s e v e r a l  S - a l l e l e  
g e n o t y p e s  o f  B. o l e r a c e a  w i t h  hom ogena te s  f rom h e t e r o z y g o t e s  
e x h i b i t i n g  t h e  S - a l l e l e  s p e c i f i c  bands  o f  b o t h  p a r e n t s .  F u r t h e r  I
s t u d i e s  c o n d u c t e d  on d e v e l o p i n g  s t i g m a s  ( N a s r a l l a h ,  1974) d e m o n s t r a t e d  4
a c o r r e l a t i o n  b e tw e en  s e l f - i n c o m p a t i b i l i t y  and ' S '  p r o t e i n  
c o n c e n t r a t i o n  i n  s t i g m a s .  A su d d en  i n c r e a s e  i n  t h e  l e v e l  o f  s e l f ­
i n c o m p a t i b i l i t y  p r o t e i n  was d e t e c t e d  d u r i n g  t h e  d e v e lo p m e n t  o f  t h e  
s t i g m a ;  t h i s  s u g g e s t e d  t h a t  a t h r e s h o l d  q u a n t i t y  o f  p r o t e i n  was 
n e c e s s a r y  f o r  t h e  c o m p l e t e  m a n i f e s t a t i o n  o f  t h e  s e l f - i n c o m p a t i b i l i t y  
r e a c t i o n .  Of f u r t h e r  s i g n i f i c a n c e  was t h e  f i n d i n g  by S e d g l e y  (197 4b)  
w hich  showed t h a t  B. o l e r a c e a  s t i g m a s  homozygous f o r  S^^ and  S ^^ ,  
c o n t a i n e d  t w i c e  a s  much a n t i g e n i c a l l y  d e t e c t a b l e  S - p r o t e i n  a s  t h o s e  
h e t e r o z y g o u s  f o r  t h e  same a l l e l e s .
N i s h i o  & Hina t a  ( 1977) were  f i r s t  t o  u s e  p o l y a c r y l a m i d e
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i s o e l e c t r i c f o c u s i n g  ( l E F)  t o  show t h a t  i n  B. o l e r a c e a , S - a l l e l e  
s p e c i f i c i t y  c o u l d  be a s c r i b e d  t o  a c o m b i n a t i o n  o f  t h e  p r o t e i n  b an d s  
d e t e c t e d .  They r e p o r t e d  t h a t  t h e  p a r e n t a l  b an d s  were  t r a n s m i t t e d  t o  
t h e i r  p r o g e n y  and were  s p e c i f i c  t o  s t i g m a t i c  t i s s u e .  They ( N i s h i o  & 
H i n a t a ,  1978,  1980) f u r t h e r  e s t a b l i s h e d  t h a t  c e r t a i n  S - s p e c i f i c  
m o l e c u l e s  were  g l y c o p r o t e i n s ,  and f o l l o w i n g  a s t u d y  o f  d i f f e r e n t  S -  
a l l e l e  l i n e s  o f  B. o l e r a c e a  and B. c a m p e s t r i s  ( H i n a t a  & N i s h i o ,  1978) 
we re  a b l e  t o  c o r r e l a t e  7 S - a l l e l e s  w i t h  d i s t i n c t  g l y c o p r o t e i n s .  
S u b s e q u e n t l y  t h e y  r e p o r t e d  ( N i s h i o  & H i n a t a ,  1980) t h a t  among t h e  S , 
S 7 , Sgg,  and S^^ a l l e l e s ,  t h e  r e c e s s i v e  a l l e l e  S^ d i d  n o t  p r o d u c e  
c l e a r  bands  when s u b j e c t e d  t o  a c r y l a m i d e  g e l  o r  c e l l u l o s e  a c e t a t e  
t e l e c t r o p h o r e s i s ;  ho w ev er ,  t h e  d o m i n a n t  a l l e l e s  S g ,  S^p ,  S^ and  S^^ 
gave c l e a r  b a n d s .  N i s h i o  & H i n a t a  (1982)  n e x t  p u r i f i e d  S - c o r r e l a t e d  
g l y c o p r o t e i n s  i n  B. o l e r a c e a  u s i n g  g e l  e l e c t r o p h o r e s i s  and r e c o r d e d  
d i s t i n c t  d i f f e r e n c e s  b e tw e en  a l l e l e s  i n  amino a c i d  c o m p o s i t i o n .
An i n v e s t i g a t i o n  by N a s r a l l a h  & N a s r a l l a h  (1984)  o f  n i n e  S -  
hom ozy go tes  o f  B. o l e r a c e a  r e v e a l e d  t h a t  7 g e n o t y p e s  p r o d u c e d  s i n g l e  
bands  a f t e r  l E F ,  w h i l e  two p r o d u c e d  a  complex o f  i s o f o r m s .  C o n t i n u i n g  
t h i s  work ,  N a s r a l l a h  e t  a l . (1 9 8 5 a )  p ro d u c e d  a c o m p le m e n ta r y  DNA c l o n e  
wh ich  en c oded  two S - l o c u s - s p e c i f i c - g l y c o p r o t e i n s . N a s r a l l a h  e t  a l . 
( 1987) l a t e r  p u b l i s h e d  a c o m p l e t e  a m i n o - a c i d  s e q u e n c e  o f  t h e  cDNA 
c l o n e s  and s u g g e s t e d  t h i s  r e p r e s e n t e d  p a r t  o f  t h e  b a s e  s e q u e n c e  o f  
t h e  S -g e n e  i n  B r a s s i c a .
More r e c e n t  s t u d i e s  on cDNA c l o n e s  o f  t h e  p u t a t i v e  S - g e n e  i n  
B r a s s i c a  have r e v e a l e d  s e v e r a l  c o m p l e x i t i e s .  T r i c k  & F l a v e l l  (1989)  
have i s o l a t e d  2 d i f f e r e n t  cDNA c l o n e s  f o r  t r a n s c r i p t s  w hich  a r e  
e q u a l l y  a b u n d a n t  i n  s t i g m a s  c o m p e t e n t  f o r  s e l f - i n c o m p a t i b i l i t y  and
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e a ch  o f  wh ich  i s  homologous  t o  p r e v i o u s l y  r e p o r t e d  S - l o c u s - s p e c i f i c -  
g l y c o p r o t e i n  s e q u e n c e s .  I n  a d d i t i o n ,  L a lo n d e  e t  a l . (1 98 9)  h av e  
r e p o r t e d  t h a t  t h e  B r a s s i c a  genome c o n t a i n s  m u l t i p l e  S - l o c u s - s p e c i f i c -  
g l y c o p r o t e i n  r e l a t e d  s e q u e n c e s .
Taken o v e r a l l ,  t h e  e v i d e n c e  t o  d a t e  s u g g e s t s  t h a t  i n  B r a s s i c a s , a 
g l y c o p r o t e i n  s p e c i f i c  t o  t h e  S - a l l e l e  i s  p r o d u c e d  i n  t h e  s t i g m a  d u r i n g  
t h e  l a t e r  s t a g e s  o f  bud m a t u r a t i o n .  T h i s  g l y c o p r o t e i n  a p p e a r s  t o  have 
a r e l a t i v e l y  h i g h  p i ,  ( I s o e l e c t r i c  p o i n t )  a m i n o - a c i d  c o n s t i t u t i o n ,  
m o l e c u l a r  w e i g h t  and  i n  some c a s e s  d i f f e r e n t  i s o f o r m s .  D i f f i c u l t i e s  
have  been  e x p e r i e n c e d  i n  i d e n t i f y i n g  S - g l y c o p r o t e i n s  s p e c i f i c  to  
r e c e s s i v e  S - a l l e l e s  an d  t h e  s i g n i f i c a n c e  o f  d i f f i c u l t  i s o f o r m s  i n  some 
b u t  n o t  a l l  S - g l y c o p r o t e i n s  a r e  unknown.  Most i m p o r t a n t l y  no p r o g r e s s
I
a p p e a r s  t o  have  b ee n  made i n  i d e n t i f y i n g  t h e  S - s p e c i f i c  p o l l e n  
p r o d u c t .
S t u d i e s  a im ed  a t  d e t e r m i n i n g  w h e t h e r  a p r o t e i n  p r e s e n t  i n  t h e  
s t i g m a  o r  p o l l e n  i s  a co mponen t  o f  t h e  s e l f - i n c o m p a t i b l e  i n t e r a c t i o n ,  
and s p e c i f i c  to  a  p a r t i c u l a r  S - a l l e l e ,  nee d  t o  d e m o n s t r a t e  t h a t  t h e  
p r o t e i n :  i s  p r e s e n t  i n  t h e  f l o w e r ,  b u t  a b s e n t  i n  t h e  bud;  e x h i b i t s  S -
a l l e l e  s p e c i f i c  c h a r a c t e r i s t i c s ;  and  h a s  some f u n c t i o n a l  s i g n i f i c a n c e .
T h i s  C h a p t e r  d e s c r i b e s  t h e  u s e  o f  i s o e l e c t r i c f o c u s i n g  t o  
i n v e s t i g a t e  p r o t e i n s  t h a t  a r e  s p e c i f i c  t o  t h e  s t i g m a s  o f  s y n t h e t i c  
B. n ap u s  l i n e s  and  t h e i r  p r o g e n y .  The i n v e s t i g a t i o n s  r e p o r t e d  were  
a l s o  a imed  a t  d e t e r m i n i n g  w h e t h e r  t h e  o c c u r r e n c e  o f  an y  s t i g m a  
s p e c i f i c  bands  c o u l d  be c o r r e l a t e d  w i t h  t h e  p r e s e n c e  o f  s p e c i f i c  S -  
a l l e l e s .
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7 . 2 .  MATERIALS AND METHODS
7 . 2 . 1 . ^  M a t e r i a l s
D u r in g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t s ,  s t i g m a ,  s t y l e  and l e a f  t i s s u e  
was o b t a i n e d  f rom t h e  s y n t h e t i c  B. napus  l i n e s  1, 2,  3,  4 ,  5 an d  6 
( d e s c r i b e d  i n  C h a p t e r  2) an d  t h e i r  B. c a m p e s t r i s  p a r e n t s  homozygous  
f o r  and S^ and B. o l e r a c e a  p a r e n t s  homozygous  f o r  S ^ g ,  S^^ an d  S^ .  
To i n v e s t i g a t e  t h e  s e g r e g a t i o n  o f  p r o t e i n  bands  t h a t  d i f f e r e d  b e tw e en  
s y n t h e t i c s ,  p l a n t s  o b t a i n e d  by s e l l i n g  F ^ ' s  were  a l s o  s u r v e y e d .
7 . 2 . 2 .  D e t e r m i n a t i o n  o f  p r o t e i n  c o n c e n t r a t i o n  i n  . t i s s u e  s a m p l e s  u s i n g  
m i c r o a s s a y  p r o c e d u r e
Four  d i l u t i o n s  o f  s t a n d a r d  B io -R ad  p r o t e i n  ( B i o - R a d - L a b o r a t o r i e s  -  
U .K .)  c o n t a i n i n g  f rom 1 t o  25 JJg/ml were  p r e p a r e d  t o  p r o v i d e  t h e  
s t a n d a r d  c u r v e  f o r  c o m p a r i s o n  w i t h  p l a n t  t i s s u e .  Sample  e x t r a c t  was 
p r e p a r e d  an d  t h e  B io -Rad  p r o t e i n  dye r e a g e n t  a d d e d .  The o p t i c a l  
d e n s i t y  was t h e n  r e c o r d e d  an d  compared w i t h  t h a t  f rom t h e  p r o t e i n  
s t a n d a r d .
7 . 2 . 3 . A n a l y t i c a l  I s o e l e c t r i c f o c u s i n g
( a )  P r e p a r a t i o n  o f  g e l s  f o r  u l t r a  t h i n  p o l y a c r y l a m i d e  g e l - i s o e l e c t r i c -  
f o c u s i n g .
U l t r a t h i n  p o l y a c r y l a m i d e  g e l s  were  p r e p a r e d  a s  f o l l o w s .  The f o l l o w i n g  
i n g r e d i e n t s  were  combined t o  p r o d u c e  a s o l u t i o n  t h a t  was s u b s e q u e n t l y  
d e g a s s e d .
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B i o r a d  A c r y l a m i d e / b i s  3 7 .5  : 1 ( d i s s o l v e  5 g  i n  7 . 5  ml H^O) 
G l y c e r o l  (16% v / v )
Am pho ly te s  (pH 3 .5  -  9 . 5  am pho l ines ' )
Two p l a t e s  -  a t o p  g l a s s  p l a t e  (10 mm t h i c k  x 25 cm x 13 cm w i t h  a 
s t r i p  o f  Dymotape s t u c k  a l o n g  e a ch  l o n g  e d g e ) a n d  a b o t t o m  g l a s s  p l a t e  
(2 mm t h i c k  x 25 cm x 13 cm) -  were  c l e a n e d  w i t h  70% e t h a n o l .  The t o p  
p l a t e  was t h e n  wiped  w i t h  r e p e l  s i l a n e  (2% v / v  d i m e t h y l d i c h l o r o s i l a n e  
i n  1, 1,  1, t r i c h l o r o e t h a n e )  and t h e  b o t to m  one w i t h  b i n d  s i l a n e  ( A- 
174 s i l a n e  f rom Pharmacea U . K . ,  d i s s o l v e d  i n  0.2% v / v  i n  c h l o r o f o r m ) .  
A f t e r  w i p i n g  t h e  b o t t o m  p l a t e  was p l a c e d  on t h e  g e l  p o u r i n g  a p p a r a t u s .  
Ammonium p e r s u l p h a t e  (10 mg/ml) was added  t o  t h e  s o l u t i o n  wh ich  was 
f, g e n t l y  s w i r l e d  and p o u r e d  on t o  t h e  p l a t e  t o  g i v e  a  b u b b l e - f r e e  l a y e r  
t h a t  was l e f t  t o  s e t  f o r  45 m i n u t e s .
A l t e r n a t i v e l y  p r e - p o u r e d  pH 3 . 5 - 9 . 5 ,  1 .5  mm t h i c k  p o l y a c r y l a m i d e  
• g e l  p l a t e s  o b t a i n e d  f rom P h a r m a c i a  LKB B i o t e c h n o l o g y ,  we re  u s e d .
(b )  E l e c t r o p h o r e s i s  p r o c e d u r e
G e ls  were  l a y e d  o v e r  a f i l m  o f  w a t e r  on a c o o l i n g  p l a t e .  E l e c t r o d e
s t r i p s ,  p r e v i o u s l y  s o ak e d  i n  e l e c t r o l y t e  s o l u t i o n  were  p l a c e d  a l o n g
ea ch  l o n g  edge o f  t h e  g e l  a b o u t  0 . 5  -  1 mm f rom t h e  e d g e .  E l e c t r o l y t e
s o l u t i o n s  o f  1M H PC (a n o d e )  and 1M NaOH ( c a t h o d e )  were  u s e d  i n  a l l  o j
e x p e r i m e n t s .  G e l s  were  p r e f o c u s e d  f o r  0 . 5  h o u r  a t  a c o n s t a n t  power  
(25 mA). Sam ples  (20 p i )  were  t h e n  l o a d e d  i n  p a p e r  w i c k s  a t  
a p p r o p r i a t e  p o s i t i o n s  on t h e  g e l ,  a l l o w e d  t o  r u n  i n t o  t h e  g e l  f o r  0 . 5  
h o u r ,  and t h e  p a p e r  w i c k s  were  t h e n  removed.  Sam ples  were  
s u b s e q u e n t l y  f u l l y  f o c u s e d  f o r  2000 v o l t / h o u r s  ( v / h ) .
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7 . 2 . 4  D e t e c t i o n  methods  
7 . 2 . 4 / 1 .  S t a i n i n g  p r o c e d u r e s
U l t r a t h i n  g e l s  were  f i x e d  f o r  25 m i n u t e s  i n  a s o l u t i o n  o f  35 g 
s u l p h o s a l i c y l i c  a c i d ,  130 g t r i c h l o r o a c e t i c  a c i d  an d  350 ml a c e t i c  
a c i d  d i s s o l v e d  i n  1 l i t r e  o f  d i s t i l l e d  w a t e r .  G e l s  we re  t h e n  washed 
to  remove t h e  a m p h o l i n e s  f o r  15 m i n u t e s  i n  ' d e s t a i n i n g '  s o l u t i o n  
c o n t a i n i n g  35% e t h a n o l  and 10% a c e t i c  a c i d  i n  d i s t i l l e d  w a t e r .
P r o t e i n s  were  v i s u a l i s e d  by s t a i n i n g  i n  a s o l u t i o n  c o n t a i n i n g  1 .5  g 
C oom ass ie  B r i l l i a n t  B lue  R250 (Sigma -  U . K . ) ,  35% C^H^OH an d  10%
 ^ CH^COOH i n  d i s t i l l e d  w a t e r  f o r  15 m i n u t e s .  G e ls  were  t h e n  r e t u r n e d  to  
f r e s h  d e s t a i n i n g  s o l u t i o n  f o r  15 m i n u t e s  o r  u n t i l  t h e  b a c k g ro u n d  was 
c l e a r .  The g e l  s u r f a c e  was wiped w i t h  a p i e c e  o f  c o t t o n  wool s o a k e d  
i n  d e s t a i n i n g  s o l u t i o n  t o  remove an y  p r e c i p i t a t e d  s t a i n .
G e l s  p u r c h a s e d  f rom P h a r m a c i a  LKB B i o t e c h n o l o g y  were  t r e a t e d  
d i f f e r e n t l y .  These  were  f i x e d  f o r  30 m i n u t e s ,  i m m e d i a t e l y  a f t e r  
f o c u s i n g ,  i n  a s o l u t i o n  o f  3 4 . 6  g s u l p h o s a l i c y l i c  a c i d  an d  115 g 
t r i c h l o r a c e t i c  a c i d  made up i n  1 l i t r e  d i s t i l l e d  w a t e r .  They were  
t h e n  washed  f o r  15 m i n u t e s  i n  d e s t a i n i n g  s o l u t i o n  c o n t a i n i n g  25%
C^H^OH an d  8% a c e t i c  a c i d  i n  d i s t i l l e d  w a t e r .  P r o t e i n s  were 
v i s u a l i s e d  by s t a i n i n g  i n  s o l u t i o n  c o n t a i n i n g  0 . 4 5  g Coomass ie  
B r i l l i a n t  B lue  R250 (Sigma -  U .K .)  i n  400 ml d e s t a i n i n g  s o l u t i o n  
( h e a t e d  t o  60°C b e f o r e  u s e )  f o r  30 m i n u t e s .  G e l s  were  s u b s e q u e n t l y  
d e s t a i n e d  i n  f r e s h  d e s t a i n i n g  s o l u t i o n  f o r  15 m i n u t e s  o r  u n t i l  t h e  
b a c k g ro u n d  was c l e a r .
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7 . 2 . 4 . 2 .  D ensitom etry  o f  focu sed  bands
S t a i n e d  g e l s  were  s c a n n e d  u s i n g  a US-9000 'S h i m a d z u '  d u a l  w a v e l e n g t h  
f l y i n g - s t o p  s c a n n e r .  Each band was s ca n n ed  by a l a s e r  beam ( 0 . 0 5  x
2 . 0  pm) a t  a s i n g l e  w a v e l e n g t h  o f  565 nm, r e s u l t i n g  i n  a t r a c e  which 
p l o t t e d  t h e  a b s o r b a n c e  v a l u e  a g a i n s t  t h e  d i s t a n c e  a l o n g  t h e  
e l e c t r o p h o g r a m ,  w i t h  t h e  a r e a  u n d e r  t h e  t r a c e  p r o p o r t i o n a l  t o  t h e  
t o t a l  p r o t e i n  c o n t e n t .  The minimum a r e a ,  minimum w i d t h  and d r i f t  l i n e  
u s e d  f o r  t h e  p e a k  d e t e c t i o n  was 300,  0 and 0 . 1 .
7 . 3  EXPERIMENTS
I-
7 . 3 . 1 .  D e t e r m i n a t i o n  o f  a p p r o p r i a t e  e x t r a c t i o n  p r o c e d u r e  and s am p le  
l o a d i n g  p o s i t i o n  f o r  i s o e l e c t r i c f o c u s i n g
P r o t e i n  was e x t r a c t e d  f rom s t i g m a s  u s i n g  two methods
( a )  From open  f l o w e r s  f rom w hich  a n t h e r s  were  removed b e f o r e  
d e h i s c e n c e ,  0 . 0 2  g o f  s t i g m a s  ( a p p r o x i m a t e l y  50 s t i g m a s )  o f  t h e  
s y n t h e t i c  B. n ap u s  l i n e s  5 and 3 ( C h a p t e r  2) were
c o l l e c t e d  an d  ho m o g en i sed  i n  80 p i  0 .1  M p h o s p h a t e - b u f f e r e d  s a l i n e  
( 0 .0 1  M p h o s p h a t e  b u f f e r  pH 7.1  p l u s  8 . 5  gm/1 o f  NaCl -  N i s h i o  & 
H i n a t a ,  1 9 7 7 ) .  Each hom ogenat e  was c e n t r i f u g e d  f o r  20 m i n u t e s  a t
6 .0 0 0  g .
( b )  A p p r o x i m a t e l y  f i f t y  s t i g m a s  were  c o l l e c t e d  a s  a bove  and 
h om ogen i sed  i n  80 p i  d i s t i l l e d  w a t e r  and c e n t r i f u g e d  a s  b e f o r e .
For  e l e c t r o p h o r e s i s ,  a p p r o x i m a t e l y  20 p i  o f  t h e  s u p e r n a t a n t  f rom 
B. n ap u s  l i n e s  3 and 5 were  l o a d e d  i n  a d i f f e r e n t  p o s i t i o n  i n  a pH
181 -
3-5 -  9 . 5 ,  1 .5  mm t h i c k  p o l y a c r y l a m i d e  g e l  p l a t e  and  p o s i t i o n e d  0 - 5  cm 
from a n o d a l  a n d / o r  0 . 5  cm f rom c a t h o d a l  en d .  I s o e l e c t r i c f o c u s i n g  was 
c a r r i e d  o u t  a s  d e s c r i b e d  i n  s e c t i o n  7 . 2 .
7 . 3 . 2 . M ea su re m en ts  o f  p r o t e i n
The s y n t h e t i c  B. n a p u s  l i n e  1 was u sed  f o r  p r e l i m i n a r y  m easu rem en t  o f  
p r o t e i n  i n  B r a s s i c a  s t i g m a s .  Four  d i l u t i o n s  o f  s t a n d a r d  B io -R ad  
p r o t e i n  (B io -R a d  L a b o r a t o r y ,  U .K .)  c o n t a i n i n g  f rom 1 t o  25 p g / m l  were  
p r e p a r e d  t o  p r o v i d e  a s t a n d a r d .  S t i g m a s  o r  s t y l e s  t a k e n  f rom c l e a n  
f l o w e r s  ( 0 . 0 1  g) were h o m o g en i s ed  i n  d i s t i l l e d  w a t e r  (40 p l / s a m p l e )  i n  
 ^ an  e p p e n d o r f  t u b e  and c e n t r i f u g e d  f o r  2 , 0 0 0  g f o r  20 m i n u t e s .
D i s t i l l e d  w a t e r  was ad d e d  t o  t h e  s u p e r n a t a n t  t o  g i v e  0 . 8  ml o f  e x t r a c t  
t o  which 0 . 2  ml B io -R ad  p r o t e i n  dye r e a g e n t  was ad d e d  t o  t h e  s a m p le  
t u b e s .  A f t e r  20 m i n u t e s  t h e  OD^g^ was m easur ed  w i t h  a  r e a g e n t  b l a n k  
a s  c o n t r o l .
7 . 3 . 3 . I d e n t i f i c a t i o n  o f  s t i g m a - s p e c i f i c  p r o t e i n s  i n  s y n t h e t i c  and 
t h e i r  p a r e n t s
S y n t h e t i c  B. napus  l i n e s  3 ,  4 ,  5 ,  and t h e  B. o l e r a c e a  and 
B. c a m p e s t r i s  p a r e n t a l  l i n e s  homozygous  f o r  S ^ g ,  S ^ ,  S ^ ^ ,  S^ and  S^ 
were  s u b j e c t e d  t o  a n a l y s i s .  S t i g m a s  were  c o l l e c t e d  ( 2 5 / s a m p l e ) ,  f rom 
open f l o w e r s  f rom wh ich  a n t h e r s  had be e n  removed b e f o r e  d e h i s c e n c e ,  
and hom ogen i sed  i n  40 p i  o f  d i s t i l l e d  w a t e r .  Each hom ogenat e  was 
c e n t r i f u g e d  f o r  20 m i n u t e s  a t  6 ,0 0 0  g .  The same t e c h n i q u e  was u s e d  
f o r  p r e p a r a t i o n  o f  e x t r a c t s  f rom l e a v e s  and s t y l e s  o f  t h e  l i n e s  S ,
— 182 —
^ 2 9 ’ ^ 1 4 ’
Each sam p le  was l o a d e d  on t o  t h e  a n o d a l  end o f  an  u l t r a t h i n  pH 
3-5  - j L 5  p o l y a c r y l a m i d e  g e l  p l a t e  and i s o e l e c t r i c f o c u s i n g  was c a r r i e d  
o u t  a s  d e s c r i b e d  i n  s e c t i o n  7 . 2 .  G e ls  we re  s t a i n e d  an d  s c a n n e d  u s i n g  
US-9000 l a s e r  d e n s i t o m e t e r  a t  565 nm.
7 . 3 . 4 . D e t e c t i o n  o f  i n t e r l i n e  d i f f e r e n c e s  i n  p r o t e i n  band p a t t e r n s  o f  
s y n t h e t i c  B. napus  l i n e s  and t h e i r  p a r e n t s .
S y n t h e t i c  B. n ap u s  l i n e s  1, 3 ,  4 ,  5 and 6, h e t e r o z y g o u s  r e s p e c t i v e l y
f o r  S^^S , S-S,  , S S , S . , ,S  and S_S and t h e i r  B. c a m p e s t r i s  and 29 b 2 b 29 a 1 4 a  2 a  ----------- ------------
B. o l e r a c e a  p a r e n t s  homozygous  f o r  S ^ , S ^ ,  S g . ,  S^^ and S^ were  
s u r v e y e d .  S t i g m a s  ( 2 5 / s a m p l e )  were c o l l e c t e d  an d  h o m o g en i sed  i n  40 p i  
d i s t i l l e d  w a t e r  a s  b e f o r e  an d  l o a d e d  o n t o  t h e  a n o d a l  end on a pH 3 . 5  -  
9 . 5  which was t h e n  ru n  u s i n g  s t a n d a r d  c o n d i t i o n s .
7 . 3 . 5 . D e t e c t i n g  S - s p e c i f i c  p r o t e i n s  i n  s y n t h e t i c  B. n ap u s  ' s 
(88 -  184)
Seven  d i f f e r e n t  g e n o t y p e s  w hi ch  s e l f - i n c o m p a t i b i l i t y  t e s t s  had shown 
p o s s e s s e d  th e  S - a l l e l e  g e n o ty p e s ,  S^^SggS^S^,
^ 2 9 ^ l 4 ^ a ^ a ’ ^ 2 9 ^ l 4 ^ b ^ b ’ ^ 2 9 ^ 2 9 ^ a ^ a  ^2 9^2 9^b ^b  u s e d ,  t o g e t h e r
w i t h  t h e  p a r e n t a l  c o n t r o l s .  S t i g m a s  ( 2 5 / s a m p l e )  were  c o l l e c t e d  f rom
r e s p e c t i v e  p l a n t s .  C o l l e c t i o n  o f  s a m p l e s ,  e l e c t r o p h o r e s i s  and
a n a l y s i s  was c a r r i e d  o u t  a s  p r e v i o u s l y  d e s c r i b e d .
-  183 -
7 . 4 .  RESULTS
7 . 4 . 1 .  D e t e r m i n a t i o n  o f  a p p r o p r i a t e  e x t r a c t i o n  p r o c e d u r e  an d  sam ple  
l o a d i n g  p o s i t i o n  f o r  i s o e l e c t r i c f o c u s i n g .
F i g .  7 .1  shows t h e  p r o t e i n  band s  which were  s e p a r a t e d  i n  e x p e r i m e n t
7 . 3 . 1 .  No c l e a r  bands  were  d e t e c t e d  i n  p h o s p h a t e  b u f f e r  e x t r a c t s  
( l a n e s  1, 2 ,  6,  7) b u t  c l e a r  bands  a p p e a r e d  i n  some w a t e r  e x t r a c t e d  
s am p le s  ( l a n e s  8 ,  9 ,  1 0 ) ,  t h o u g h  n o t  a l l  ( l a n e s  4 an d  5 ) .
I n  f a c t ,  l o a d i n g  t h e  s a m p l e s  a t  t h e  c a t h o d a l  end r e s u l t e d  i n  no 
ban d s  a p p e a r i n g  ( l a n e s  1, 2 ,  3 ,  4 ,  5) w h e r e a s  l o a d i n g  a t  t h e  a n o d a l  
en d ,  showed c l e a r  p r o t e i n  bands  ( l a n e  8,  9 ,  1 0 ) .
These  r e s u l t s  s u g g e s t e d  t h a t  d i s t i l l e d  w a t e r  e x h i b i t e d  more 
e f f i c i e n t  e x t r a c t i o n  f o r  t h e  s e p a r a t i o n  o f  s t i g m a t i c  p r o t e i n s  by 
I s o e l e c t r i c f o c u s i n g ,  and t h a t  t h e  a n o d a l  p o s i t i o n  was b e s t  f o r  l o a d i n g  
s a m p l e s .
7 . 4 . 2 .  M ea su rem en ts  o f  p r o t e i n s
B io -R ad  p r o t e i n  a s s a y  i s  a d y e - b i n d i n g  a s s a y  b a s e d  on t h e  d i f f e r e n t i a l  
c o l o u r  change  o f  a dye i n  r e s p o n s e  t o  d i f f e r i n g  c o n c e n t r a t i o n s  o f  
p r o t e i n .  F i g .  7 . 2  shows t h e  s t a n d a r d  p l o t  f o r  t h e  B io -R ad  p r o t e i n  
a s s a y  o b t a i n e d  w i t h  a  s p e c t r o p h o t o m e t e r .  S t i gm a  and  s t y l e  s a m p l e s  
(0 .0 1  g)  showed an  a b s o r b a n c e  o f  0 . 8 6 5 2  and 0 . 8 5 3 1 ,  and t h u s  t h e  
c o n c e n t r a t i o n  o f  p r o t e i n  was r e s p e c t i v e l y  9 .1 Ug an d  9 . 0  jjg p e r  
s a m p l e .  I t  was c o n c l u d e d  t h a t  0 .01  g (25 s t i g m a s )  o f  s t i g m a  an d  s t y l e  
m a t e r i a l  c o n t a i n e d  t h e  same am ount  o f  s o l u b l e  p r o t e i n  e x t r a c t a b l e  i n
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d i s t i l l e d  w a t e r ;  c o n s e q u e n t l y  25 s t i g m a s  were  s u b s e q u e n t l y  u s e d  p e r  
sam ple  f o r  l E F .
7 . 4 . 3 . I d e n t i f i c a t i o n  o f  s t i g m a  s p e c i f i c  p r o t e i n  i n  s y n t h e t i c  
B. napus  a nd t h e i r  hom ozy go tes  p a r e n t s .
I s o e l e c t r i c  b an d s  e x h i b i t e d  i n  s t i g m a ,  s t y l e  an d  l e a f  e x t r a c t i o n s  a r e  
shown i n  F i g .  7 . 3 .  Lanes  1-8 r e p r e s e n t  p r o t e i n  bands  o f  s t i g m a s ,  9 -1 2  
p r o t e i n  b an d s  o f  s t y l e s  an d  13-16 p r o t e i n  bands  o f  l e a f  s a m p l e s .  Lane 
1, 2 and 3 c o n t a i n  s a m p l e s  f r om  B. o l e r a c e a  homozygous  f o r  S ^ g ,  and 
r e s p e c t i v e l y .  I n  l a n e s  1 and 2 v e r y  f a i n t  bands  a p p e a r e d .  I n  
l a n e  3,  h o w e v e r ,  two b an d s  (d and f )  u n i q u e  t o  t h e  g e n o t y p e  were  
d e t e c t e d  t o g e t h e r  w i t h  b an d s  e ,  g ,  h ,  i ,  j , k and 1 w hich  we re  p r e s e n t  
i n  o t h e r  l a n e s .  Lanes  7 an d  8 were  l o a d e d  w i t h  s a m p l e s  f rom t h e  
‘ B. c a m p e s t r i s  and  S h o m o z y g o t e s .  I n  l a n e  8 a s i n g l e  lE F  b a n d - c  
c h a r a c t e r i s t i c  o f  t h e  g e n o t y p e  was d e t e c t e d .  Bands  n e a r e s t  t h e  
c a t h o d e ,  wh ich  w e re  common t o  a l l  l a n e s ,  a p p e a r e d  v e r y  f a i n t l y .
Lanes  4 ,  5 and 6 show t h e  p a t t e r n s  o f  t h e  ( l i n e  5)
( l i n e  3) and ( l i n e  4) s t i g m a  s a m p l e s .  I t  was n o t e d  t h a t  l a n e  4
e x h i b i t e d  t h e  s i n g l e  lEF band c h a r a c t e r i s t i c  o f  t h e  homozygous  
g e n o t y p e  (b and  c )  and two b an d s  c h a r a c t e r i s t i c  o f  t h e  S^^ g e n o t y p e  ( d 
and f )  p l u s  b a n d s  ( e ,  g ,  h ,  i ,  j , k and 1) common to  B. o l e r a c e a  o r  
B. c a m p e s t r i s  l i n e s .  (N ote  -  The and g e n o t y p e  s p e c i f i c  b an d s  
c ,  d and  f ,  f r om  h e t e r o z y g o u s  s t i g m a s ,  o c c u r  a t  a s l i g h t l y  l o w e r  
i n t e n s i t y ) .  Lane 5 d i d  n o t  e x h i b i t  a n y  c h a r a c t e r i s t i c  b a n d s  b u t  
c o n t a i n e d  t h e  b an d s  p r o d u c e d  by and S s a m p l e s .  Lane 6 e x h i b i t e d  
t h e  band c h a r a c t e r i s t i c  o f  S s t i g m a s  (band c)  a s  w e l l  a s  t h e  common
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bands  e x h i b i t e d  by B. c a m p e s t r i s  and B. o l e r a c e a  s a m p l e s .  F i n a l l y ,  
none o f  t h e  s a m p l e s  i n  l a n e s  9 -1 2  r e p r e s e n t i n g  s t y l e  s a m p l e s  o f  S ^ g ,  
S g , o r  l a n e s  13-16 c o n t a i n e d  t h e  l e a f  s a m p l e s  o f  t h e  same
g e n o t y p e s  p r o d u c e d  a n y  c l e a r  band p a t t e r n s  e x c e p t  i n  a r r e a r s  o f  v e r y  
low p i .  T h i s  was e v i d e n c e  t h a t  t h e  ban ds  d e t e c t e d  i n  s t i g m a  s a m p l e s  
were  s t i g m a  s p e c i f i c .
D e n s i t o m e t r y  R e s u l t s
D e n s i t o m e t r y  p l o t s  o f  C o o m a s s i e - b l u e - s t a i n e d  lE F  bands  o f  t h e  ab o v e  
s t i g m a  an d  s t y l e  e x t r a c t s  a r e  p r e s e n t e d  i n  F i g .  T . 4 - 7 . 8 .  F i g .  7 . 4  
r e p r e s e n t s  t h e  s c a n s  f o r  and ( l a n e s  3 ,  8 ,  4) s t i g m a s .
The r e s u l t s  show t h a t  p e a k s  d an d  f  we re  s p e c i f i c  , to s a m p l e s  and
p ea k  c t o  S s a m p l e s .  [ E x t r a c t i o n  o f  s t i g m a s  f rom t h e  h e t e r o z y g o u s  
^ l 4 ^ a  g e n o t y p e  ( F i g .  7 . 4 c )  p r o d u c e d  b o t h  S a n d  a r e a  p e a k s  b u t  a t  
a l o w e r  d e n s i t y ] .  I n t e r e s t i n g l y ,  s e v e r a l  p e a k s  (m, n ,  o)  were  
d e t e c t e d  i n  t h e  s a m p l e s  b u t  were  n o t  p r e s e n t  i n  e i t h e r  o r
, s u g g e s t i n g  t h a t  new s t i g m a t i c  s p e c i f i c  p r o t e i n s  were  p r o d u c e d  i n  
t h e  s y n t h e t i c .
F i g .  7 . 5  shows t h e  d e n s i t o m e t e r  r e s u l t s  f o r  t h e  an d29 29 29 a
g e n o t y p e s  ( l a n e s  1 and 6 ) .  The S^g homozygote  p r o d u c e d  many low 
d e n s i t y  p e a k s  ( < 0 . 2 )  w h i l e  S^gS^ e x h i b i t e d  t h e  p e a k s  c ,  c ' , e ,  g ,  h ,
1 ,  j ,  k and 1 ,  t h a t  were  a l s o  e v i d e n t  i n  t h e  s am ple  ( F i g .  7 . 4 b ) .
These  r e s u l t s  s u g g e s t  t h a t  g e n o t y p e - s p e c i f i c  s t i g m a t i c  p r o t e i n s  c o u l d  
n o t  be i d e n t i f i e d  i n  s a m p l e s .
The d e n s i t o m e t e r  r e s u l t s  f rom t h e  S ^ ,  8^ an d  8 8 g e n o t y p e s  ( l a n e s
2 ,  7 and 5) a r e  i l l u s t r a t e d  i n  F i g .  7 . 6 .  R e s u l t s  f o r  8 ( F i g .  7 . 6 a )
r e v e a l  many low d e n s i t y  p e a k s  a l t h o u g h  p e a k s  a t  e ,  h ,  i ,  j , k an d  1
were  a l s o  d e t e c t e d .  8^8 s a m p l e s  ( F i g .  7 . 6 b )  p r o d u c e d  b an d s  e an d  g
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i n  t h e  a c i d i c  p o r t i o n  o f  t h e  g e l  and h , i , j , k and 1 i n  t h e  b a s i c  
p o r t i o n .  F i n a l l y  t h e  p a t t e r n  o f  pea k s  p r o d u c e d  by S^S ( F i g .  7 . 6 c )  
was v e r y  s i m i l a r  t o  t h a t  o f  homozygous b u t  a t  a s l i g h t l y  l o w e r  
d e n s i t y .
S c a n s  f o r  l a n e s  9,  10, 11 and 12 (S ^g ,  and s t y l e s )
a r e  i l l u s t r a t e d  i n  F i g s .  7 . 7  an d  7 . 8 .  The s c a n s  i n  g e n e r a l  show v e r y  
low d e n s i t y  g r a d i e n t s ,  e x c e p t ,  t h a t  i s ,  f o r  s t y l e  e x t r a c t s  o f  t h e  S^g 
g e n o t y p e ,  which p r o d u c e d  a p e a k  w i t h  a d e n s i t y  b e tw een  0 . 4 5 0  -  0 . 6 5 0  
i n  t h e  b a s i c  p o r t i o n  o f  t h e  g e l .
Taken o v e r a l l  t h e  d e n s i t o m e t e r  s c a n s  c o n f i r m  t h a t  t h e  p r o t e i n  
bands  w hi ch  were  r e s o l v e d  i n  lE F  g e l s  were  c o r r e l a t e d  w i t h  t h e  s t i g m a s  
o f  p a r t i c u l a r  S - l o c u s  g e n o t y p e s .
7 . 4 . 4 .  I s o e l e c t r i c f o c u s i n g  band p a t t e r n s  o f  s y n t h e t i c  B. napus  l i n e s  
and t h e i r  p a r e n t s .
Cooraass ie  b l u e  s t a i n e d  lE F  p r o t e i n  bands  o f  s y n t h e t i c  B. n ap u s  l i n e s
1, 3,  4 ,  5 ,  6 (SggS ^,  SgS^,  S ^ g S ^ , S^S^) and B. o l e r a c e a  and
B. c a m p e s t r i s  l i n e s  homozygous  f o r  S_,  S . , . ,  S and S, a r e2 9  2 14  a  b
i l l u s t r a t e d  i n  F i g .  7 . 9 .  I t  i s  n o t e d  t h a t  t h e  s a m p le s  f rom t h e  
h e t e r o z y g o u s  s y n t h e t i c s  w h ich  c o n t a i n e d  t h e  and S a l l e l e s  show
t h e  c ,  d an d  f  b an d s  t h a t  a r e  c h a r a c t e r i s t i c  o f  t h e  and
p a r e n t a l  h o m o z y g o t e s .
7 . 4 . 5 .  D e t e c t i n g  S - s p e c i f i c  p r o t e i n s  i n  s y n t h e t i c  B. n ap u s  F^ ' s
Coomassie  b l u e  s t a i n e d  p r o t e in  bands  o f  t h e  p l a n t s  su rv ey ed  a r e  shown 
i n  F i g s .  7 . 1 0  and 7 . 1 1 .  I n  F i g .  7 . 1 0 ,  l a n e s  1, 18, 19 and 21 showed
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e x t r a c t s  f rom t h e  B. c a m p e s t r i s  l i n e  homozygous f o r  S^.  These  
e x t r a c t s  e x h i b i t  t h e  s i n g l e  c band i n  t h e  a c i d i c  p o r t i o n  o f  t h e  g e l  a s  
w e l l  a s^ b an d s  a and g p r e s e n t  i n  o t h e r  s a m p l e s .  S i m i l a r l y ,  c o n t a i n e d  
w i t h i n  l a n e s  3 and 4 a r e  t h e  s t i g m a t i c  e x t r a c t  o f  B. o l e r a c e a  S^^  an d  
S^g hom ozygo tes  r e s p e c t i v e l y .  Lane 3 shows t h e  c h a r a c t e r i s t i c  d an d  f  
ban ds  o f  t h e  S ^ ^ .
With  r e g a r d  t o  t h e  p l a n t s  s u r v e y e d :  L an e s  5,  7 ,  9 an d  13
c o n t a i n  s a m p l e s  f rom p l a n t s  w i t h  t h e  g e n o t y p e  S^^S^gS^S^ f o r  w h ich  
bands  c and  d were  r e s o l v e d  a s  w e l l  a s  bands  e and  g ;  Lanes  6 an d  8 
c o n t a i n  e x t r a c t s  f rom S^gS^^S^  g e n o t y p e  and s t a i n e d  c l e a r l y  f o r  band c 
( c h a r a c t e r i s t i c  o f  t h e  S^ homozygote)  an d  band  d ( c h a r a c t e r i s t i c  o f  
t h e  S^^ g e n o t y p e ) ;  Lanes  10, 14 and 16 c o n t a i n i n g  s a m p l e s  f rom t h e  
g e n o t y p e  S^gS^Sj^ p o s s e s s e d  band c ,  w h i l e  Lanes  11 an d  12 c o n t a i n  
. s a m p l e s  from g e n o t y p e  5^ which s t a i n e d  f o r  band  c an d  d .  F i n a l l y
l a n e  15 c o n t a i n s  a sam ple  f rom g e n o t y p e  S^gS^ and e x h i b i t s  o n l y  b a n d s  
e and g (common t o  a l l  t e s t e d  p l a n t s ) .
I n  F i g .  7 .11  l a n e s  17 an d  19 c o n t a i n  s a m p l e s  o f  t h e  B. c a m p e s t r i s  
l i n e  homozygous f o r  w h i l e  l a n e  18 shows t h e  p a t t e r n  o f  b a n d i n g  f o r  
t h e  B. o l e r a c e a  l i n e  homozygous  f o r  S ^ g .  With  r e g a r d  t o  t h e  F^ p l a n t s  
s u r v e y e d ,  l a n e  1 c o n t a i n s  e x t r a c t s  f r om  t h e  S^gS^ g e n o t y p e  and 
e x h i b i t s  bands  e and g w hi ch  o c c u r  i n  o t h e r  l a n e s ;  l a n e s  3 ,  4,  6,  9,
10 and 14 c o n t a i n  s a m p l e s  f rom  t h e  S^^S^gS^S^ g e n o t y p e  wh ich p r o d u c e  
ban d s  c an d  d ; l a n e s  2 and 15 c o n t a i n  e x t r a c t s  o f  g e n o t y p e  and
show t h e  c h a r a c t e r i s t i c  (b and  c)  and  (band d) b a n d s ;  l a n e  5 
c o n t a i n s  s a m p l e s  o f  g e n o t y p e  Sg w i t h  bands  c an d  d a g a i n
p r e s e n t ;  l a n e s  7 and  16 c o n t a i n  e x t r a c t s  f rom t h e  g e n o t y p e  
w i t h  t h e  c h a r a c t e r i s t i c  band c ;  and l a n e  8 c o n t a i n s  a s am p le  f rom t h e  
SggS^ g e n o t y p e  a g a i n  sh o w in g  t h e  S band (band c ) .  F i n a l l y  l a n e s  11,
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12 and 13 c o n t a i n  e x t r a c t s  o f  g e n o t y p e  ^ 29^ l 4^b show t h e  band 
c h a r a c t e r i s t i c  t o  t h e  g e n o t y p e ,  band d.
ji*
7 .5  DISCUSSION AND CONCLUSIONS
Mea suremen t  o f  p r o t e i n  c o n t e n t s  (E x p e r i m e n t  7 . 3 . 2 )  showed t h a t  
B r a s s i c a  s t i g m a s  and s t y l e s  c o n t a i n  a p p r o x i m a t e l y  e q u a l  q u a n t i t i e s  o f  
w a t e r  s o l u b l e  p r o t e i n s .  However,  when s u b j e c t e d  t o  l E F ,  many more 
p r o t e i n  bands  were  d e t e c t e d  f rom s t i g m a  sam p le s  i n  t h e  pH 3 . 5  -  9 . 5  
r e g i o n  o f  g e l s .  R e s o l u t i o n  o f  b an d s  depended  on e x t r a c t i o n  b e i n g  made 
w i t h  d i s t i l l e d  w a t e r  and l o a d i n g  e x t r a c t s  a t  t h e  a n o d a l  p o s i t i o n  on a 
(. g e l .
D i f f e r e n c e s  i n  s t i g m a t i c  p r o t e i n  band p a t t e r n s  were  r e s o l v e d  
be tween  s y n t h e t i c  B. napus  l i n e s  and t h e  B. c a m p e s t r i s  and B. o l e r a c e a  
' p a r e n t s .  I n  t h i s  way,  Coomass ie  b l u e  s t a i n e d  p r o t e i n  bands  o f  
s y n t h e t i c  l i n e s  1 (S g g S ^ ),  3 (S g S ^ ) ,  4 (S ggS ^ ),  5 (S^^S^) and 6 (SgS^) 
and t h e  B. c a m p e s t r i s  and B. o l e r a c e a  p a r e n t s  homozygous  f o r  S ^ , S ^ , 
Sgg,  S.^^ and 8^  were d i s t i n g u i s h e d  ( F i g .  7 . 9 ) .  I t  was e s t a b l i s h e d  
t h a t  t h e  B. c a m p e s t r i s  g e n o t y p e  p o s s e s s e d  a s i n g l e  s t i g m a t i c  
p r o t e i n  band i n  t h e  a c i d i c  p o r t i o n  o f  t h e  g e l  (b and  c ) , a s  w e l l  a s  
bands  e ,  g , h , i , j , k and 1 i n  t h e  b a s i c  r e g i o n .  B. c a m p e s t r i s  Sj  ^
g e n o t y p e  a l s o  p o s s e s s e d  b an d s  e ,  g ,  h ,  i ,  j ,  k and 1 b u t  l a c k e d  band c 
s u g g e s t i n g  t h e  p o s s i b i l i t y  t h a t  band c was c h a r a c t e r i s t i c  o f  t h e  
a l l e l e  S ^ .  S i m i l a r l y ,  B. o l e r a c e a  l i n e s  homozygous  f o r  S^^ p o s s e s s e d  
two s t i g m a t i c  p r o t e i n  b an d s  i n  t h e  a c i d i c  p o r t i o n  o f  t h e  g e l  ( b a n d s  d 
and f ) ,  w h e r e a s  B. o l e r a c e a  l i n e s  homozygous f o r  S^g o r  S^ c o u l d  n o t  
be d i s t i n g u i s h e d  f rom e a c h  o t h e r .  Among t h e  s y n t h e t i c  B. n ap u s  l i n e s ,
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l i n e  5 ( h e t e r o z y g o u s  f o r  p o s s e s s e d  bands  c ,  d an d  f  sh o w in g
t h a t  t h e y  were  i n h e r i t e d  f rom t h e  r e s p e c t i v e  p a r e n t s .  I n  c o n t r a s t ,  
t h e  s y n t h e t i c  l i n e s  o f  an d  g e n o t y p e  d i d  n o t  p o s s e s s  an y
d i f f e r e n t i a l  b a n d s .
From an  a n a l y s i s  o f  b a n d i n g  p a t t e r n s  i n  t h e  F^ g e n e r a t i o n ,  i t  was 
e v i d e n t  t h a t  b a n d s  u n i q u e  t o  and g e n o t y p e s  were  f u l l y  
c o r r e l a t e d  w i t h  t h e s e  a l l e l e s  ( F i g s .  7 . 1 0  and  7 . 1 1 ) .  Thus t h e s e  
p r o t e i n  bands  were  u n i q u e  t o  a s p e c i f i c  p a r e n t a l  S - h o m o z y g o t e , we re  
t r a n s m i t t e d  t o  t h e  F ^ ' s  an d  s e g r e g a t e d  i n  t h e  F^ w i t h  t h e  a p p r o p r i a t e  
S - a l l e l e  t h a t  had bee n  i d e n t i f i e d  f rom p o l l e n  t u b e  p e n e t r a t i o n  t e s t  
( C h a p t e r  6 ) .  A p o i n t  o f  i n t e r e s t  was t h a t  t h e  b a n d i n g  p a t t e r n  
o b t a i n e d  f o r  t h e  B. o l e r a c e a  g e n o t y p e  was c o n s i s t e n t  w i t h  t h a t
(■
r e p o r t e d  by N a s r a l l a h  e t  a l . ( 1 9 8 3 ,  19 85 b) .
I t  i s  c o n c l u d e d  f rom t h e  work r e p o r t e d  i n  t h i s  C h a p t e r  t h a t  s t i g m a  tv
s p e c i f i c  bands  c o r r e l a t e d  w i t h  and a l l e l e  e x p r e s s i o n  ca n  be
d e t e c t e d  i n  s y n t h e t i c  B. n a p u s , a n d  t h a t  t h e s e  c o - s e g r e g a t e  w i t h  t h e
a p p r o p r i a t e  S - a l l e l e s .  I n  c o n t r a s t ,  no S - s p e c i f i c  p r o t e i n  b an d s  were  .k
i d e n t i f i e d  i n  S^ ,  S^g o r  S^ g e n o t y p e s .  I t  was n o t  p o s s i b l e  t o  t e s t
w h e t h e r  t h e  p r o t e i n s  i d e n t i f i e d  we re  g l y c o p r o t e i n s ,  s i n c e  l a r g e
numbers  o f  s t i g m a s  a r e  nee d ed  f o r  g l y c o p r o t e i n  s t a i n i n g  (T.  Hodgkin  -
p e r s .  comm.) .  The r e s e a r c h  i n d i c a t e d  t h a t  S - p r o t e i n  e x p r e s s i o n  i s  n o t
c o r r e l a t e d  w i t h  t h e  f u l l  f u n c t i o n  o f  s e l f - i n c o m p a t i b i l i t y .  Th us ,
g e n o t y p e  S^^S^ was s e l f - c o m p a t i b l e  w i t h  no l o s s  o f  s t i g m a t i c  f u n c t i o n
a l t h o u g h  S - c o r r e l a t e d  b an d s  we re  s t i l l  d e t e c t e d .  S i m i l a r l y  i n  t h e  F^
t h e  S band was d e t e c t e d  i n  s t i g m a  e x t r a c t s  o f  p l a n t s  i n  wh ich  S was s  a
n o t  d e t e c t e d  i n  c o m p a t i b i l i t y  t e s t s .
F i g .  7 . 1 .  Coom as s ie  b l u e  s t a i n e d  I s o e l e c t r i c f o c u s i n g  p a t t e r n s  o f  
B r a s s i c a  s t i g m a  hom ogena te  i n  w a t e r  o r  p h o s p h a t e  b u f f e r .  F i g u r e s  on 
t h e  r i g h t  hand s i d e  i n d i c a t e  t h e  p o s i t i o n  o f  p i  s t a n d a r d s  and ’S '  








^ 7  3
^ —8 4 
\ ^ 9 3
Lanes  1, 2,  6 and 7:
Lanes  3, 4 ,  5,  8 ,  9 and 10
^2^b s t i g m a s  ho mogenate  i n  p h o s p h a t e  
b u f f e r .
S t i g m a s  homogena te  i n  w a t e r  -  3 : S^^S , 
4 : SgS^ '  5 : 8 : S^^ S^ ,  9 :
10 : S^S^.













F i g .  7 - 3 -  Coom ass ie  b l u e  s t a i n e d  lEF p a t t e r n s  o f  B r a s s i c a  s t i g m a ,  
s t y l e  and l e a f  h o m o g e n a t e s .  F i g u r e s  on t h e  r i g h t  i n d i c a t e  t h e  p i  
s t a n d a r d s ,  and f i g u r e s  marked a s  c -  1 i n d i c a t e  p r o t e i n s
c h a r a c t e r i s t i c  t o  s t i g m a s .
â------
Lanes  1-8 : s t i g m a t i c  p r o t e i n s .
’ " 2  b '  ' 29 a ’ ' ■






^ 8 . 4
-•-9.3
F i g .  7 . 4 .  D e n s i t o m e t e r  t r a c i n g s  o f  p r o t e i n s  f rom B r a s s i c a  
s t i g m a s  r e s o l v e d  by lE F .  F i g u r e s  c -  o i n d i c a t e  t h e  d e n s i t y  
peakd^
7 . 4 a :  P a t t e r n s  f o r  B. o l e r a c e a  homozygous  f o r  s t i g m a s .
7 . 4 b :  P a t t e r n s  f o r  B. c a m p e s t r i s  homozygous  f o r  S s t i g m a s .
P a t t e r n s  f o r  s y n t h e t i c  B. nap us  l i n e  5 h e t e r o z y g o u s













' l20 .  00
F i g .  7 . 5 .  D e n s e t o m e t e r  t r a c i n g  o f  p r o t e i n s  f rom B r a s s i c a  s t i g m a s
r e s o l v e d  by lE F .  F i g u r e s  c -  1 i n d i c a t e  t h e  d e n s i t y  p e a k s .
7 . 5 a :  P a t t e r n s  f o r  B. o l e r a c e a  homozygous f o r  s t i g m a s .
7 . 5 b :  P a t t e r n s  f o r  s y n t h e t i c  B. napus  l i n e  4 h e t e r o z y g o u s  f o r  S S
, 29 .
s t i  gma s .
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F i g .  7 . 6 .  D e n s i t o m e t e r  t r a c i n g s  o f  p r o t e i n s  f rom B r a s s i c a  
s t i g m a s  r e s o l v e d  by l E F .  F i g u r e s  e -  1 i n d i c a t e  t h e  d e n s i t y  
p e a k s .
7 . 6 a :  P a t t e r n s  f o r  B. o l e r a c e a  homozygous f o r  s t i g m a s .
7 . 6 b :  P a t t e r n s  f o r  B. c a m p e s t r i s  homozygous  f o r  s t i g m a s .
7 . 6 c :  P a t t e r n s  f o r  s y n t h e t i c  B. n ap u s  l i n e  3 h e t e r o z y g o u s
f o r  s t i g m a s .
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0 .  1 4 0
O .  0 4  0
1 1 0 . 0 0 1 3 0 . 0 0
1 , 3 1 0
10
7 .6b
' 8 0 .  0 0
0 . ? 1 0
0 . 5 1 0 ....
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F i g .  7 - 7 -  D e n s i t o m e t e r  t r a c i n g s  o f  p r o t e i n s  f rom  B r a s s i c a  o l e r a c e a  
s t y l e s  r e s o l v e d  by l E F .
7 . 7 a :  P a t t e r n s  f o r  B. o l e r a c e a  homozygous f o r  s t y l e s .
7 . 7 b :  P a t t e r n s  f o r  B. o l e r a c e a  homozygous f o r  8^  s t y l e s .
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14,0
u . i i  e
0 . 0 1 0
8 0 .  0 0 U P .  0 0
O.  0 7 0 .
0 .  0 7 0
100.00
F i g .  7 . 8 .  D e n s e t o m e t e r  t r a c i n g s  o f  p r o t e i n s  f rom  B r a s s i c a  s t y l e s  
r e s o l v e d  by lE F .
7 . 8 a :  P a t t e r n s  for* B. o l e r a c e a  homozygous  f o r  s t y l e s .
7 . 8 b :  P a t t e r n s  f o r  B. o l e r a c e a  h e t e r o z y g o u s  f o r  s t y l e s .
— 200 — j
F i g .  7 . 9 .  Coom assie  b l u e  s t a i n e d  lEF p a t t e r n s  o f  B r a s s i c a  s t i g m a  
h o m o g en a te s  o f  d i f f e r e n t  S - g e n o t y p e s .  F i g u r e s  on t h e  b o t to m  i n d i c a t e  
t h e  S - a l l e l e  c o n s t i t u t e  o f  e a c h  sample  and on t h e  r i g h t  i n d i c a t e  t h e  
p o s i t i o n  o f  t h e  p i  s t a n d a r d .  F i g u r e s  c -  1 d e n o t e  t h e  p r o t e i n s  
c h a r a c t e r i s t i c  o f  s t i g m a s .
+ 2 3 4 5 6 7 8




Lanes  1 and 8: B. c a m p e s t r i s  homozygous f o r  s t i g m a s .
Lanes  5 and 12: B. c a m p e s t r i s  homozygous f o r  S^ s t i g m a s .
Lanes  3,  7 and 10: B. o l e r a c e a  homozygous f o r  S^g ,  S.^^ and
Lanes  2 ,  4 ,  6 ,  9 and 11: s y n t h e t i c  B. napus  l i n e s .
2 : 4 : , 6 : 9 : S^S^ ,  11 : S^S^.
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F i g .  7 . 1 0 .  Coom ass ie  b l u e  s t a i n e d  lEF p a t t e r n s  o f  s y n t h e t i c  B. napus  
F^ g e n o t y p e s  and t h e i r  o r i g i n a l  p a r e n t s  B. o l e r a c e a  and B. c a m p e s t r i s  
S - h o m o z y g o t e , s t i g m a  h o m o g e n a t e s .  F i g u r e s  on t h e  b o t t o m  i n d i c a t e  t h e  
S - g e n o t y p e  o f  t h e  s am p le  and on t h e  r i g h t  i n d i c a t e  t h e  p o s i t i o n  o f  t h e  
p i  s t a n d a r d .  F i g u r e s  c -  g d e n o t e  t h e  S - s p e c i f i c  p r o t e i n  b a n d s .
■f 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 pi
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Lanes  1, 18, 19 and 21 : B. c a m p e s t r i s , .  S .
L anes  3 and 4 : 
L anes  5 ,  7,  9 ,  13 
Lane s  6 , 8 :
Lanes  10, 14, 16 : 
Lanes  11, 12 :
Lane 15 :
B. o l e r a c e a .
D
and Sgg.
B. napus ^ 2 - S - g e n o t y p e
B. napus S - g e n o t y p e ®29®lH®a'
3 .  napus ^2- S - g e n o t y p e S29^aSb-
B. napus ^ 2 ’ S - g e n o t y p e ® l 4 V b -
B. napus ^ 2 ’ S - g e n o t y p e ^29®b'
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F i g .  7 . 1 1 .  Coomass ie  b l u e  s t a i n e d  lEF o f  s y n t h e t i c  B. napus  F^ 
g e n o t y p e s  and B. o l e r a c e a  and B. c a m p e s t r i s  homozygous  f o r  S^g and 
g e n o t y p e ,  s t i g m a  h o m o g e n a t e s .  F i g u r e s  on t h e  b o t t o m  i n d i c a t e  t h e  S -  
g e n o t y p e  o f  t h e  s am p le  and  on t h e  r i g h t  i n d i c a t e  t h e  p o s i t i o n  o f  t h e  
p i  s t a n d a r d .  F i g u r e s  c - g  d e n o t e  t h e  S - s p e c i f i c  b a n d s .
10 11 12 13 14 15 16 17 18 19
L anes  17 and 19: B. c a m p e s t r i s  S^ ^
Lane 18: B. o l e r a c e a ^29
Lane 1 ; B. napus ^2 S - g e n o t y p e
Lanes  3, 4,  6,  9 ,  10, 14: B. napus ^2 S - g e n o t y p e ^29^14  V b
L anes  2, 15: B. nap us ^2 S - g e n o t y p e
Lane 5: B. nap us ^2 S - g e n o t y p e ^ 2 9 ^ 4 ^ 3
Lane s  7, 16: B. nap us ^2 S - g e n o t y p e ®29®a^b
Lane 8: B. napus ^2 S - g e n o t y p e 329=3
Lanes  11, 12, 13: B. napus ^2 S - g e n o t y p e =29=l4=a
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CHAPTER 8 
CONCLUSIONS
8 . 1 .  INTRODUCTION
The a r a p h i d i p l o i d  B. n a p u s  i s  n o r m a l l y  s e l f - c o m p a t i b l e ,  a l t h o u g h  s e l f -  |
i n c o m p a t i b l e  p l a n t s  have  be e n  foun d i n  some B. n ap u s  s u b s p e c i e s  
r a p i f e r a  and o l e i f e r a . O l s s o n  ( 1 9 6 0 a ) ,  Davey (1 958 )  and O l s s o n  
( 19 60 b)  showed t h a t  s e l f - i n c o m p a t i b l e  B. napus  p l a n t s  c o u l d  be 
p r o d u c e d  by d o u b l i n g  t h e  chromosome numbers o f  h y b r i d  p l a n t s  
o b t a i n e d  by c r o s s i n g  B. o l e r a c e a  and B. c a m p e s t r i s  f o l l o w e d  by embryo 
c u l t u r e .  M o re o v e r ,  f u n c t i o n a l  S - a l l e l e s  have b e e n * s u c c e s s f u l l y
I
i n t r o g r e s s e d  i n t o  f o r a g e  r a p e ,  B. napus  L . , f rom t u r n i p s ,
B. c a m p e s t r i s  (Mackay, 197 7 a) .
S e l f - i n c o m p a t i b i l i t y  i n  B. napus  i s  o f  v a l u e  t o  b r e e d e r s  o f  f o r a g e  
c r o p s  a n d ,  i f  s u i t a b l e  methods  o f  i n d u c i n g  s e l f - c o m p a t i b i l i t y  were  
a v a i l a b l e ,  would  be o f  e q u a l  i m p o r t a n c e  i n  t h e  b r e e d i n g  o f  o i l s e e d  
r a p e .  As B. nap us  h a s  2 s e l f - i n c o m p a t i b i l i t y  l o c i  (one  i n h e r i t e d  f rom 
B. o l e r a c e a , t h e  o t h e r  f rom B. c a m p e s t r i s ) s i g n i f i c a n t  q u e s t i o n s  a r e  
r a i s e d  a b o u t  t h e  o p e r a t i o n  o f  su c h  a s p o r o p h y t i c  s y s t e m .  The p r e s e n t  
s t u d y  u s e d  a r t i f i c i a l  s y n t h e s i s  o f  B. napus  a s  a way o f  p r o d u c i n g  
p l a n t s  o f  known S - a l l e l e  s t a t u s  t o  i n v e s t i g a t e  t h e  o p e r a t i o n  o f  a two 
l o c u s  s p o r o p h y t i c  s e l f - i n c o m p a t i b i l i t y  s y s t e m .  The f i r s t  a i m  o f  t h e  
i n v e s t i g a t i o n  was t o  a n s w e r  t h e  f o l l o w i n g  q u e s t i o n s
( a )  Are b o t h  l o c i  o f  t h e  s e l f - i n c o m p a t i b l e  p a r e n t s  e x p r e s s e d  i n  
s y n t h e t i c  B. n a p u s ?
(b )  I f  n o t ,  t h e n  w hich  one i s  e x p r e s s e d ?  I s  i t  a l w a y s  t h e  same l o c u s  
o r  so m e t im e s  t h a t  f rom B. o l e r a c e a  and o t h e r  t i m e s  t h a t  f rom
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B. c a m p e s t r i s ?
( c )  I f  a l l e l e s  a t  b o t h  l o c i  a r e  e x p r e s s e d ,  do t h e y  o p e r a t e  
i n d e p e n d e n t l y  o r  a r e  t h e r e  i n t e r a c t i o n s  bet ween  t h e  S - a l l e l e s  a t  t h e  
two,  i . e .  i n  t e rm s  o f  dom inan ce  and e p i s t a s i s ?
(d )  I f  i n t e r a c t i o n s  o c c u r  b e tw e en  S - a l l e l e s  a t  t h e  two l o c i ,  wha t  
form does  t h i s  t a k e ?
8 . 2 .  PRODUCTION OF SYNTHETICS
F o r  t h i s  r e s e a r c h  s e v e n  s y n t h e t i c  B. n ap u s  l i n e s  o f  known S - l o c u s  
g e n o t y p e  were  p r o d u c e d ,  6 by o v a r y  c u l t u r e ,  u s i n g  B. c a m p e s t r i s  a s  t h e  
 ^ f e m a le  p a r e n t  and 1 by embryo c u l t u r e ,  u s i n g  B. o l e r a c e a  a s  t h e  f e m a l e  
p a r e n t .  R a t e s  o f  p r o d u c t i o n  were  f a v o u r a b l e  compared w i t h  p r e v i o u s  
a t t e m p t s  t o  s y n t h e s i s e  B. napus  ( I n o m a t a ,  198 5) .  By means o f  o v a r y  
• c u l t u r e  63 h y b r i d s  were  p r o d u c e d  p e r  100 p o l l i n a t i o n s ,  a s  compared 
w i t h  11 .3  h y b r i d s  p e r  100 p o l l i n a t i o n s  u s i n g  embryo c u l t u r e .  The 
p r o d u c t i o n  r a t e  o f  s y n t h e t i c s  u s i n g  o v a r y  c u l t u r e  t e n d e d  t o  v a r y  
b e tw e en  p o l l e n  p a r e n t s .  One o f  t h e  l i n e s  o f  B. o l e r a c e a  u s e d  a s  a 
p a r e n t  8 3 -4 43  ( S ^ ^ ) ,  a p p e a r e d  t o  be a much p o o r e r  p o l l e n  s o u r c e  t h a n  
e i t h e r  o f  t h e  o t h e r  two B. o l e r a c e a  l i n e s  83 -4 56  (Sg Sg ) o r  8 5 -3 5 3
( S ^ S j ) .
A m p h i d i p lo i d  p l a n t s  w e re  i d e n t i f i e d  f rom t h e  a c i d  p h o s p h a t a s e  
i sozym e  p r o f i l e s  f o l l o w i n g  a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  I s o z y m e s  
t h a t  we re  s p e c i f i c  t o  B. c a m p e s t r i s  and B. o l e r a c e a  were  combined  i n  
t h e  a m p h i d i p l o i d .  I n  a d d i t i o n ,  i s o zy m es  o f  s y n t h e t i c s  were  
c h a r a c t e r i s e d  by a n o v e l  s i n g l e  band found  i n  zone 3 on g e l s .
S y n t h e s i s  o f  t h e  a m p h i d i p l o i d  was c o n f i r m e d  by chromosome c o u n t s .
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8 - 3 .  INCOMPATIBILITY IN SYNTHETICS WITH 2 S-ALLELES
Each o f  t h e  s e v e n  s y n t h e s i s e d  l i n e s  o f  B. napu s  was homozygous  f o r  
d i f f e r e n t  S - a l l e l e s  a t  t h e  two S - l o c i .  One o f  t h e  l i n e s  was fo u n d  t o  
be s e l f - c o m p a t i b l e ,  w h i l s t  t h e  r e m a i n i n g  l i n e s  were  f u l l y  s e l f ­
i n c o m p a t i b l e .  A c r o s s i n g  programme i n v o l v i n g  a f u l l  d i a l l e l  b e tw e e n  
l i n e s ,  showed t h a t  b o t h  S - l o c i  f u n c t i o n e d  and t h a t  i n t e r a c t i o n s  
o c c u r r e d  b e tw een  l o c i  s i m i l a r  t o  t h o s e  found  be tw e en  S - a l l e l e s  i n  S -  
h e t e r o z y g o t e s  i n  s i n g l e  l o c u s  s p o r o p h y t i c  s y s t e m s .  I n  t h e  s t i g m a ,  
codom inan ce was d e t e c t e d  b e tw een  t h e  a l l e l e s  S^gS^;  S^^ S^;  S^S ^ ;  and 
i n  t h e  p o l l e n ,  o c c u r r e d  b e tw e en  a l l e l e s  S S ; S . . S  and S S .^  D 3  14 3
However,  e x c e p t  f o r  t h e  c o m b i n a t i o n s  S^S^ and S^^ S^ ,  one  S - a l l e l e  
^ i n h e r i t e d  e i t h e r  f rom B. c a m p e s t r i s  o r  B. o l e r a c e a  was d o m i n a n t  t o  t h e  
o t h e r ,  e i t h e r  i n  t h e  p o l l e n  o r  t h e  p i s t i l ,  s how ing  t h a t  i n t e r l o c u s  
e p i s t a s i s  was common i n  t h e s e  s y n t h e t i c  l i n e s  o f  B. n a p u s .
I n  g e n e r a l ,  t h e  e x p r e s s i o n  an d  a c t i v i t y  o f  a l l e l e s  was d e t e r m i n e d  
f rom t h e  d i a l l e l  c r o s s  b e tw e en  s y n t h e t i c s  and was l a t e r  c o n f i r m e d  by 
a d d i t i o n a l  i n f o r m a t i o n  o b t a i n e d  f rom i n t e r s p e c i f i c  c r o s s e s ,  i . e .  
be tw e e n  t h e  s y n t h e t i c  l i n e s  and t h e  p a r e n t a l  s p e c i e s .  An i n t e r e s t i n g  
p o i n t  t o  emerge f rom t h e  l a t t e r  was t h a t  c r o s s e s  b e tw e e n  B. n ap u s  and 
B. o l e r a c e a  were  i n c o m p a t i b l e  when B. o l e r a c e a  was u s e d  a s  t h e  p o l l e n  
p a r e n t .  F u r t h e r  s t u d i e s  showed ( C h a p t e r  4) t h a t  B. o l e r a c e a  p o l l e n  
was i n c o m p a t i b l e  i n  B. n ap u s  s t i g m a s  even when t h e y  p o s s e s s e d  no S -  
a l l e l e s  i n  common. I n  s u c h  s i t u a t i o n s  t h e  r e c i p r o c a l  c r o s s  was a l w a y s  
c o m p a t i b l e .
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4 .  PROGENIES WITH 4 S-ALLELES
H a v i n g ^ i n v e s t i g a t e d  t h e  f u n c t i o n i n g  o f  t h e  two S - l o c i  i n  s y n t h e t i c  
l i n e s  o f  B. napus  t h a t  w e re  homozygous  f o r  S - a l l e l e s  a t  e a c h  l o c u s  
( i . e .  i n  2 S - a l l e l e  g e n o t y p e s ) ,  t h e  n e x t  a i m  o f  t h e  r e s e a r c h  was t o  
s t u d y  t h e  e x p r e s s i o n  o f  a l l e l e s  i n  g e n o t y p e s  t h a t  we re  h e t e r o z y g o u s  
f o r  d i f f e r e n t  a l l e l e s  a t  e a c h  S - l o c u s  ( i . e .  i n  4 S - a l l e l e  g e n o t y p e s ) .  
To t h i s  e n d ,  c r o s s e s  w e re  made b e tw e en  t h e  s e v e n  B. n ap u s  s y n t h e t i c s  
to  p r o d u c e  s e v e r a l  l i n e s  o f  known h e t e r o z y g o u s  g e n o t y p e  a t  e a c h  S -  
l o c u s .  T hese  F ^ ’ s w e re  r e c i p r o c a l l y  i n t e r c r o s s e d  t o  d e t e r m i n e  t h e  
d e g r e e  o f  c o m p a t i b i l i t y / i n c o m p a t i b i l i t y  b e tw een  them.  The r e s u l t s  
showed t h a t  t h e  s e l f - i n c o m p a t i b i l i t y  mechanisms ware  f u n c t i o n i n g  i n  
two s e t s  o f  F ^ ’ s  w h i l s t  t h e  r e m a i n i n g  s e t  was e i t h e r  f u l l y  s e l f ­
c o m p a t i b l e  o r  p a r t i a l l y  s e l f - c o m p a t i b l e . The s e l f - c o m p a t i b i l i t y  
d e t e c t e d  was o n l y  e x p r e s s e d  i n  g e n o t y p e s  c o n t a i n i n g  t h e  and 
a l l e l e s  and i n  which t h e  a l l e l e ,  which showed d o m in an ce ,  was 
a b s e n t .  Thompson (1 96 8)  h a s  r e p o r t e d  s i m i l a r  s e l f - c o m p a t i b i l i t y  i n  
B. o l e r a c e a .
Among t h e  F ^ ' s  o n l y  3 a l l e l e s  were  e x p r e s s e d  i n  a n y  f o u r  a l l e l e  
c o m b i n a t i o n s .  I n  t h e  F^ g r o u p s  o f  g e n o t y p e  and S^gS^S^S^,
S^g seemed t o  be e x p r e s s e d  i n  b o t h  p o l l e n  and s t i g m a ,  was a c t i v e  
o n l y  i n  t h e  s t i g m a  and was a c t i v e  o n l y  i n  t h e  p o l l e n .  However,  i n  
t h e  F^ g ro u p  S ^ ,  and S. were  a c t i v e  i n  t h e  s t i g m a  b u t
a l l e l i c  a c t i v i t y  i n  p o l l e n  c o u l d  n o t  be d e t e c t e d .  T h i s  i m p l i e s  t h a t  
i n  t h i s  2 l o c u s  s y s t e m ,  a l l e l e  a c t i v i t y  i n  p o l l e n  would  a p p e a r  t o  be  
e q u i v a l e n t  t o  t h a t  i n  a s i n g l e  l o c u s  s y s t e m ,  and t h a t  t h e  a l l e l e s  f rom 
e i t h e r  S - l o c u s  may be e x p r e s s e d .  I t  i s  c o n c l u d e d  t h a t  t h e  s p o r o p h y t i c  
s e l f - i n c o m p a t i b i l i t y  s y s t e m  s t i l l  f u n c t i o n s  and b r e e d e r s  may u s e
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d o u b l e  c r o s s  methods  w i t h  a g r o n o m i c a l l y  d e s i r a b l e  t y p e s .
Two k i n d s  o f  an o m alo u s  r e s u l t s  were  fou nd  when c r o s s e s  w e re  made 
b etween  g r o u p s .  C o m p a t ib l e  p o l l i n a t i o n s  were  r e c o r d e d  whe re  
i n c o m p a t i b l e  p o l l i n a t i o n s  we re  e x p e c t e d  and  i n c o m p a t i b l e  p o l l i n a t i o n s  
were r e c o r d e d  whe re  c o m p a t i b l e  p o l l i n a t i o n s  were  e x p e c t e d .  F u r t h e r  
r e s e a r c h  on p r o g e n y  p r o d u c t i o n  and c y t o g e n e t i c  s t u d i e s  would  be u s e f u l  
t o  c l a r i f y  t h e s e  an o m a lo u s  r e s u l t s .  C o m p a t ib l e  p o l l i n a t i o n s  w e re  most  
commonly foun d where  i n c o m p a t i b l e  r e s u l t s  were e x p e c t e d  i n  t h e  g ro u p  
c o n t a i n i n g  ^-)4^2^a^b B ^ l ^ l e s ,  and i t  i s  p o s s i b l e  t h a t  t h e  p r e s e n c e  o f  
and i n  t h e  a b s e n c e  o f  c o u l d  be a c a u s e  o f  t h e  b re akdo wn o f  
t h e  s e l f - i n c o m p a t i b i l i t y  mechanism.
8 . 5 .  SEGREGATION OF S-ALLELES IN F^ PROGENIES
A n a l y s i s  o f  S - a l l e l e  e x p r e s s i o n  i n  F^ f a m i l i e s  p r o d u c e d  f rom c e r t a i n
F ^ ' s  p r e s e n t e d  an  even more complex p i c t u r e .  Only t h e  d a t a  f o r  t h e  F^
f a m i l y  p r o d u c e d  f rom t h e  F ^ , SggS^^S^S^,  were  s u f f i c i e n t  t o  c o n s i d e r
i n  d e p t h ,  a l t h o u g h  d a t a  f rom t h e  a n a l y s i s  o f  an  F^ o f  S^S^^^S^S^
p r o v i d e d  u s e f u l  s u p p o r t i n g  e v i d e n c e .  A l l  p l a n t s  i n  t h e  F^ o f
^ 2 9 ^ l 4 ^ a ^ b  t e n d e d  t o  be  s e l f - i n c o m p a t i b l e ,  i n c l u d i n g  p l a n t s  w i t h  t h e
g e n o t y p e  S ^^S ^^ S^S ^ ,  s h o w in g  t h a t  s e l f - c o m p a t i b i l i t y  was n o t
c o r r e l a t e d  w i t h  I n  c o n t r a s t  t o  w h a t  had b een  fou nd  f rom t h e
a n a l y s i s  o f  F ^ ’ s ,  4 S - a l l e l e s  we re  e x p r e s s e d  i n  some F^ p l a n t s .  The
most  s i g n i f i c a n t  f i n d i n g  t o  emerge was t h a t  t h e  a c t i v i t y  o f  t h e
a l l e l e  v a r i e d  o v e r  p l a n t s .  I n  37 p l a n t s  which c o n t a i n e d  t h e  S a l l e l ea
a s  one o f  3 o r  4 d i f f e r e n t  S - a l l e l e s  i n  t h e  g e n o t y p e ,  i t  was 




7 such  p l a n t s  was a c t i v e  o n l y  i n  t h e  p o l l e n  w h i l e  i n  a n o t h e r  10 
su ch  p l a n t s  was a c t i v e  o n l y  i n  t h e  s t i g m a  ( C h a p t e r  6 -  T a b l e  6 . 4 ) .  
The o r i g i n  o f  t h i s  v a r i a t i o n  i s  unknown and i t s  i n v e s t i g a t i o n  would  
r e q u i r e  t h e  p r o d u c t i o n  o f  f u r t h e r  g e n e r a t i o n s  o f  p r o g e n y  and a s t u d y  
o f  t h e  r o l e  o f  e n v i r o n m e n t a l  f a c t o r s .
The f i n d i n g s  f rom t h e  a n a l y s i s  c l e a r l y  d e m o n s t r a t e d  a number  o f  
p r o b l e m s  i n v o l v e d  i n  t h e  a n a l y s i s  o f  complex i n c o m p a t i b i l i t y  s y s t e m s .  
From t h e  r e s u l t s  o f  t h e  F^ a n a l y s i s ,  i t  was e x p e c t e d  t h a t  t h e  
i n t r a f a m i l y  t e s t  would g i v e  o n l y  3 g r o u p s  ( T a b le  8 . 1 ) ,  a r e s u l t  
i d e n t i c a l  w i t h  t h a t  which would  have been  o b t a i n e d  i f  o n l y  a s i n g l e  
l o c u s  we re  p r e s e n t .  and  would  r e m a in  u n d e t e c t e d .  I n  f a c t ,
v a r y i n g  e x p r e s s i o n  o f  S l e d  t o  a more complex p i c t u r e  and an
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i n t r a f a m i l y  d i a l l e l  would  have  i n d i c a t e d  more t h a n  2 l o c i  ( r a t h e r  l i k e  
E ru c a  s a t i v a  -  Verma e t  a l . , 197 7 ) .  T ab le  8 . 2  and 8 . 3  s u m m ar i s e s  t h e  
r e s u l t s  t h a t  wo uld  be o b t a i n e d  f rom a c o m p l e t e  d i a l l e l  s e t  o f  c r o s s e s  
o f  t h i s  f a m i l y .  The r e s u l t s  show t h a t  7 d i f f e r e n t  i n c o m p a t i b i l i t y  
g r o u p s  would  be i d e n t i f i e d .  W i t h o u t  t h e  p r e c i s e  knowledg e o f  t h e  S 
c o n s t i t u t i o n  o f  t h e  p a r e n t s  and t h e  a v a i l a b l e  S homozygous  t e s t e r s ,  
an y  i n t e r p r e t a t i o n  o f  s u ch  a p a t t e r n  would have be en  e x t r e m e l y  
d i f f i c u l t .  I t  m ig h t  w e l l  have  been  n e c e s s a r y  t o  p r o d u c e  a s y s t e m  
i n v o l v i n g  more t h a n  2 l o c i ,  o r  some s y m p a t h e t i c  a l l e l e  s y s t e m  to  
complement  t h e  o p p o s i t i o n a l  o n e .
8 . 6 .  STIGMATIC PROTEINS
I s o e l e c t r i c f o c u s i n g  s u r v e y s  o f  s t i g m a t i c  p r o t e i n s  i n  B. n a p u s  
m a t e r i a l  showed t h a t  s t i g m a  s p e c i f i c  bands  c o u l d  be i d e n t i f i e d  w hich  
c o - s e g r e g a t e d  w i t h  t h e  and a l l e l e s  i n  t h e  F . However ,  no S -
-  209
s p e c i f i c  bands  were  i d e n t i f i e d  i n  S^ ,  o r  g e n o t y p e s .  R a t h e r
s u r p r i s i n g l y ,  p r o t e i n  e x p r e s s i o n  was n o t  c o r r e l a t e d  w i t h  f u n c t i o n  o f  
s e l f - i n c o m p a t i b i l i t y  o r  w i t h  a l l e l e  e x p r e s s i o n .  Thus ,  g e n o t y p e  
was s e l f - c o m p a t i b l e  w i t h  l o s s  o f  s t i g m a t i c  f u n c t i o n  a l t h o u g h  S -  
c o r r e l a t e d  bands  were  s t i l l  d e t e c t e d .  M o reo v er ,  t h e  band was 
d e t e c t e d  i n  s t i g m a  e x t r a c t s  o f  p l a n t s  i n  wh ich  was n o t  a c t i v e .
8 . 7 .  FUTURE APPLICATIONS
From t h e  s t u d i e s  o f  s e l f - i n c o m p a t i b i l i t y  i n  B. n a p u s  t h a t  hav e been 
r e p o r t e d  h e r e ,  i t  i s  e v i d e n t  t h a t  s y n t h e t i c  l i n e s  p o s s e s s  a 
f u n c t i o n i n g  s e l f - i n c o m p a t i b i l i t y  s y s t e m .  Thus i t  i s  c l e a r  t h a t  t h e  
p r o d u c t i o n  o f  F^ h y b r i d s  i n  f o r a g e  S r a s s i c a s  on a com m er c ia l  s c a l e  
b a s i s  would  p r e s e n t  no p ro b lem s.  For  example  i n b r e d  l i n e s  o b t a i n e d  
'from i n t r o g r e s s i o n  o r  s y n t h e s i s  and back  c r o s s i n g  t o  a g r o n o m i c a l l y  
d e s i r a b l e  t y p e s  c o u l d  be u s e d  t o  p r o d u c e  d o u b l e  c r o s s  h y b r i d s .  Thus:  
B. n ap u s  x B. napus  B. n ap u s  x B. n ap u s
®29®29
F^ h y b r i d ? B. napus
However ,  t h e  c o m p l e x i t i e s  o f  a l l e l e  i n t e r a c t i o n  d e s c r i b e d  i n  t h i s  
t h e s i s  i n d i c a t e  t h a t  s t u d i e s  on a l a r g e r  number o f  a l l e l e s  would  be 
d e s i r a b l e  a s  p a r t  o f  s u c h  b r e e d i n g  programmes.  O i l s e e d  r a p e  i s  a s e e d  
crop i n  wh ich  s u f f i c i e n t  c r o s s  c o m p a t i b i l i t y  i s  d i f f i c u l t  t o  o b t a i n  
e x c e p t  i n  an  e x t r e m e l y  complex h y b r i d  p r o d u c t i o n  programme whe re  i t
-  210 -
c o u l d  r e a c h  50% (T.  H od g k in ,  p e r s .  comm.) .  A l t e r n a t i v e l y  t h e  h y b r i d  
c u l t i v a r  would  need t o  be s e l f - c o m p a t i b l e .  The r e s u l t s  o b t a i n e d  f o r  
t h e  s y n t h e t i c  an d  p ro g e n y  s u g g e s t  t h a t  i t  may be
p o s s i b l e  t o  d e v e l o p  s e l f - i n c o m p a t i b l e  i n b r e d  l i n e s  which when c r o s s e d  
gave s e l f - c o m p a t i b l e  p r o g e n y ,  i . e .
T h i s  t h e s i s  h a s  c l a r i f i e d  S - a l l e l e  e x p r e s s i o n  i n  B. n ap u s  and h a s  
shown t h a t  b o t h  S - l o c i  were  e x p r e s s e d  e i t h e r  i n d e p e n d e n t l y  o r  w i t h  
i n t e r l o c u s  i n t e r a c t i o n  w hi ch  t o o k  t h e  form o f  dominance o f  t h e  a l l e l e  
a t  one o f  t h e  l o c i .  New a r t i f i c i a l  B. n ap u s  c r e a t e d  u s i n g  
 ^ B. c a m p e s t r i s  and B. o l e r a c e a  o f  known S s t a t u s  p r o v i d e d  an  e s s e n t i a l  
s t a r t i n g  p o i n t  f o r  a n a l y s i s  o f  t h e  a c t i o n  o f  S - a l l e l e s  i n  t h e  
a m p h i d i p l o i d s . Such w e l l  c h a r a c t e r i s e d  m a t e r i a l  a l s o  p e r m i t t e d  t h e  
a n a l y s i s  o f  complex r e s u l t s  f rom F^ and F^ p r o g e n i e s .
Much r e m a i n s  t o  be d i s c o v e r e d  a b o u t  t h e  g e n e t i c s  o f  s e l f ­
i n c o m p a t i b i l i t y  a n d  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  i n  B r a s s i c a  a s  w e l l  
a s  t h e  p h y s i o l o g y  and m o rp ho logy  o f  t h e  i n c o m p a t i b i l i t y  m echan i sms .  
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Table  8 .3  Summary o f  p a t t e r n  o b t a i n e d  from i n t e r f a m i l y  d i a l l e l
o f  f a m i l y  88-184
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APPENDIX 1
M o d i f i e d  W h i t e s  Medium
C o n t a i n t s  mg/1
KCl 65
KNO 80
Ca(NO )g  300
FSgCSOy)] . 2 . 5
NaHgPOy 16.5
Na^SOy 200,
MgSO^  TH^ O ,• 360
MnSO^ 4H 0 7
H3BO3 1.5
ZnSO^ 7.H2O 3 . 0
KI 0 . 7 5
FeNaEDTA 4 . 5 9
N i c o t i n i c  a c i d  2 . 5
P y r i d o x i n e  HCl 0 . 5
T h iam ine  HCl 0 . 5
C a s e i n  h y d r o l y s a t e  300
G l y c i n e  15





D e t e c t i o n  o f  5 homozygotes  i n  B. c a m p e s t r i s
I n t r o d u c t i o n
B. c a m p e s t r i s  h o m ozygo tes  f o r  S a l l e l e s  S ^ ,  and h e t e r o z y g o t e  
were  c a t e g o r i s e d  u s i n g  t h e  method d e s c r i b e d  by Thompson & Howard 
( 1 9 5 9 ) .
M a t e r i a l s  and Methods
I n  March 1987 30 s e e d s  o f  B. c a m p e s t r i s  f a m i l y  8 5 -1 5 5  we re  sown an d  
r a i s e d  t o  f l o w e r .  A l l  p l a n t s  were  t e s t  c r o s s e d  a s  d e s c r i b e d  i n  
Thompson & Howard ( 1 9 5 9 ) .  A l l  p o l l i n a t i o n s  we re  done i n  t h e  
l a b o r a t o r y  a s  d e s c r i b e d  i n  C h a p t e r  3. On ea ch  o c c a s i o n  up t o  t h r e e  
 ^ f l o w e r s  were  p o l l i n a t e d  and  t h e  number o f  p o l l e n  t u b e s  p e n e t r a t i n g  t h e  
s t i g m a  c o u n t e d .
R e s u l t s  and D i s c u s s i o n
A summary o f  t h e  r e s u l t s  f o r  t h e  t e s t  c r o s s  i s  shown i n  T a b l e  1. I n  
T a b l e  2 p l a n t s  sh o w in g  a s i m i l a r  b r e e d i n g  r e s p o n s e  a r e  g ro u p e d  
t o g e t h e r .  P l a n t s  3,  13, 26 and 27 form one g r o u p ,  p l a n t s  2 ,  8 ,  11,
12, 15, 16, 18 and  22 fo rm  a n o t h e r  g r o u p ,  and p l a n t s  1, 4 ,  5 ,  6 ,  7 ,  9 ,  
10, 13, 14.  17, 19, 20 ,  2 1 ,  23 ,  24 ,  an d  25 form a t h i r d  g r o u p .
A c c o r d i n g  t o  a c l a s s i f i c a t i o n  o f  b r e e d i n g  r e s p o n s e s  (Thompson & 
Howard,  1959) t h e s e  p l a n t s  f a l l  i n t o  t y p e  3 dominan ce  r e l a t i o n s h i p ,  
where  a s  d o m i n a n t  t o  i n  p o l l e n  and co d o m i n a n t  i n  s t i g m a .
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Ho agland s o l u t i o n







2 . 4 6  
1 .15
2 . 4 6  





M ol yb di c  a c i d
14 mg 
9 mg 
0 . 4  mg 
1 mg 
0 . 4 5  mg
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APPENDIX 4
R e v i s e d  N i t s c h  & N i t s c h ' s  medium -  I n o m a t a  ( 1985)
C o n t a i n t s g / 1
N i t s c h ' s  medium -  H 2 . 2 7
C a s i n  a c i d  h y d r o l y s a t e 0 . 3
S u c r o s e 5 0 . 0
Agar 7 . 0
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APPENDIX 5
B a s i c  embryo c u l t u r e  medium -  ( S n e l l  1977)





CaSoy 5H 0 0 .0 2 5









Meso -  I n o s i t o l 100
G l y c i n e 02
N i c o t i n i c  a c i d 0 . 5
T h iam ine  HCl 0.  1
P y r i d o x z i n e  HCl 0 .1
S u c r o s e 30 g
Agar 07 g
-  2 3 7  -
